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ABSTRACT 
 
 In 2004, a field sampling study was initiated along the southern shoreline area of Lake 
Pontchartrain in Jefferson Parish, specifically, around Bonnabel Canal (Pumping Station No.1) to 
identify the effect of urban stormwater discharges on Lake Pontchartrain and to simulate the 
plume patterns from the Bonnabel Canal. Sixteen sampling stations were selected along the south 
shore of Lake Pontchartrain. Under dry weather conditions Fecal Coliform values exceeded the 
limit of 200 MPN/100mL at 3 of 16 stations. Fecal Coliform counts were found to be “wet” 
weather-dependent and unsuitable for primary contact recreation for at least three to four days 
following a pumping/rain event.  A 3-D Hydrodynamic Model (COHERENS) and the 
TECPLOT™ equation feature were used for the prediction of contaminant plumes from the 
Bonnabel Canal into the Lake Pontchartrain. The model verified the three day wet weather effect 
of stormwater discharges along the shoreline of the study area. 
 xiii
CHAPTER 1 
INTRODUCTION 
 
1.1. -  Background 
 Water is essential to human life and to the health of the environment. As a valuable 
natural resource, it comprises marine, estuarine, freshwater (river and lakes) and groundwater 
environments, across coastal and inland areas.  Lake Pontchartrain is the largest estuary in 
southern Louisiana.  It is an important recreational, commercial and environmental resource for 
New Orleans and southeastern Louisiana.  
 Lake Pontchartrain is roughly oval in shape, about 40 miles wide from east to west, and 
measures about 25 miles from north to south.  The south shore of Lake Pontchartrain forms the 
northern boundary of the City of New Orleans. Lake Maurepas connects with Lake Pontchartrain 
to the west via Pass Manchac. To the east the Rigolets and Chef Menteur Passes connect Lake 
Pontchartrain to Lake Borgne, which in turn is connected to the Gulf of Mexico.   
 The 1632 km2 (630 mi2) Lake Pontchartrain is the centerpiece of the 12,173 km2 (4,700 
mi2) Pontchartrain drainage basin or watershed. The average depth is 12 to 15 feet (3.6 to 4.6 
meters). The Basin encompasses land in 16 Louisiana parishes and 4 Mississippi counties.  Six 
major rivers on Lake Pontchartrain’s North shore, twelve municipal storm water pumping 
stations and bayous on its South shore, and the occasional flood stage diversion of the 
Mississippi River via the Bonnet Carre’ Spillway, deliver freshwater to the lake.  Saltwater from 
the Gulf of Mexico enters the basin through two natural passes (the Rigolets and Chef Menteur 
Passes) and a man-made canal, i.e. the Inner Harbor Navigation Canal (IHNC) which is 
connected to the Mississippi River Gulf Outlet (MRGO). Figure 1.1 shows the Pontchartrain 
estuary. 
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Figure 1.1. Pontchartrain Estuary 
 Since the 1940's, increased population, urbanization, and land use changes have altered or 
impaired much of Pontchartrain 's valuable ecological resources. In 1962, the first "no 
swimming" signs appeared along the south shore of Lake Pontchartrain due to high levels of 
pollution; the advisory was issued by the Louisiana Department of Health and Hospital (LDHH). 
The Louisiana Department of Environmental Quality (LDEQ) names fecal coliform bacteria as 
the causative pollutant. By the mid-1980's, almost every river, bayou or lake in the Lake 
Pontchartrain Basin was polluted. In 1989, the Lake Pontchartrain Basin Foundation (LPBF) was 
created and has since led a coordinated effort to restore the environmental quality of the Basin.  
 
 According to the Louisiana Department of Environmental Quality (LDEQ). Any 
recreational or other water contact use involving prolonged or regular full-body contact with the 
water and in which the probability of ingesting appreciable amounts of water is considerable, is 
defined as a “Primary contact Recreation”. Examples of this type of water use include 
swimming, skiing, and diving. 
 
 The LDEQ and the LDHH standards for both marine water and freshwater to be used for 
primary contact are based on a minimum of five samples taken over no more than a 30-day 
period. The fecal coliform content shall not exceed a log mean of 200MPN/100 ml, nor shall 
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more than 10 percent of the samples during any 30-day period or 25 percent of the total samples 
collected annually exceed 400MPN/100 ml. These criteria apply only during the defined 
recreational period May 1 through October 31. 
 
 The LDHH, (2003) states, “Louisiana’s bacteriological water quality criteria for fecal 
coliform densities are not expressed in terms of a single sample allowable maximum, the 
requirement that not more than 10 percent of all samples during any 30-day period exceed 400 
MPN/100 ml in essence constitutes a single sample maximum (i.e., a single sample constitutes 1 
of the 5 routinely scheduled samples in the 30-day analysis period, or 20% of the samples).  
Therefore, the fecal coliform single sample maximum for Louisiana’s BEACH Program will be 
400 MPN/100ml”. 
 
  “Secondary Contact Recreation”: any recreational or other water contact use in which 
body contact with the water is either incidental or accidental and the probability of ingesting 
appreciable amounts of water is minimal. Examples of this type of water use include fishing, 
wading, and boating. The criteria for surface water to be used for secondary is based on a 
minimum of not less than a 30-day period, the fecal coliform content shall not exceed a log mean 
of 1000MPN/100ML, nor shall more than 10 percent of the total samples during 30-day period or 
25 percent of the total samples collected annually exceed 2000MPN/100ML. These criteria apply 
during the defined non-recreational period November 1 through April 30. 
   
 A major water quality concern in Louisiana is the concentration of fecal coliform bacteria 
in our streams and bayous. The causes of the pollution of recreational waters that continue to 
deteriorate the water quality of Lake Pontchartrain include: storm water runoff, sewer line 
breaks, litter and garbage in the stormwater, sewage spills and overflows, discharges from boats, 
untreated waste from camps, waste from pets and other domestic animals, marine mammals and 
birds, poorly maintained septic tank systems, boating wastes, resuspension of contaminated 
sediments and oil spills.  
 
 Many studies have been completed on Lake Pontchartrain based on monitoring to look 
for technical solutions to these water quality problems. Also, numerical models have been 
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developed to predict the stormwater plume behavior as well as the bacteria concentration in these 
plumes. Model studies have shown that beach pollution is worst after a pumping event following 
a heavy rain. The bacteria count drops to near background after approximately 3 days from the 
end of the pumping event. There is a correlation between the high bacteria levels with the 
corresponding precipitation. 
 
 Storm water runoff from the urban areas of Orleans and Jefferson Parishes in Louisiana is 
conveyed by a system of urban runoff pumping stations and drainage canals and discharged to 
Lake Pontchartrain at various points along the south shore.  This is the most significant source of 
contamination for the south shore. 
  
 This study is focused along the southern shoreline area of Lake Pontchartrain in Jefferson 
Parish, specifically, at the Jefferson East Bank around Bonnabel Canal (Pumping Station No.1).  
(Figure 1.2). 
 
                                   
Figure 1.2.- Southern Shoreline of Lake Pontchartrain (study area) 
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 The Jefferson Parish drainage system is an interconnected network of subsurface culverts, 
ditches, canals and pumping stations. Jefferson parish operates its pumping stations to maintain a 
specific water surface elevation in the major outfall canals.  Once those elevations are exceeded 
the pumps are engaged to discharge the excess runoff. 
1.2.- Problem Statement                                                                                                           
 High levels of microbial fecal pollution indicators have been present on the south shore 
along the lakefront in Jefferson Parish.  Bonnabel boat launch area is one of the recreational 
facilities along Jefferson Parish shoreline, however the bacteriological quality of the waters is 
deficient according to the standards establish by Louisiana Department of Environmental Quality 
(LDEQ). Specially, after periods of rainfall and dry weather pumping, which limit primary 
recreational contact.   
 As a result of this, a shoreline bacteria study was developed to identify the role of storm 
water runoff plume in the rise of bacteria levels at the southern shoreline of Jefferson Parish. 
Modeling of the outfall plumes is necessary for studying temporal and spatial distribution of the 
shoreline pollution.   
1.3.- Significance                                                                                                                    
 The importance of this project is not only to identify sites which could be unsuitable for 
recreational purposes, but also for calibrating a predictive model to describe the behavior of 
discharge into the Lake Pontchartrain. The results of this project would be beneficial in 
improving the design and safety of the drainage system and in managing the receiving water 
environment which is important in maintaining public health. 
1.4.- Objectives                                                                                                                       
 1.4.1.- General                                                                                                                      
 -  The first objective of this study was to characterize the water quality of Jefferson Parish 
Shoreline of Lake Pontchartrain.   
 -  The second objective was to develop a predictive model to simulate the plume 
behaviors from Jefferson Parish Drainage Canals (Bonnabel Canal). 
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 1.4.2.- Specifics                                                                                                                                    
 The following are the specific objectives of the project: 
 - Collect water samples and measure parameters such as: fecal coliform, nutrients (N-
NO3 and N-NH3), total suspended solids, salinity, water temperature, dissolved oxygen, 
conductivity, specific conductivity, turbidity and pH during dry and wet weather. 
 - Estimate bacteria loads for dry and wet conditions at the mouth of Bonnabel Canal. 
 - Develop a numerical model to simulate the plume runoff and bacteria distribution from 
Jefferson Parish Drainage Canals including the Bonnabel Canal. 
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CHAPTER 2 
LITERATURE REVIEW 
 
 Since 1958, Lake Pontchartrain has been the object of a number of water – quality 
modeling studies due to high levels of microbial fecal pollutions indicators.  The University of 
New Orleans along with other institutions has conducted important research in this field. The 
objective is to provide an early warning system for recreational purposes, and to develop 
strategies to prevent and reduce the bacterial contamination in Lake Pontchartrain.  A review of 
recent modeling and water quality studies on Lake Pontchartrain is given below. 
 
2.1.- Jefferson Parish and Orleans Parish, Louisiana Urban Flood Control and Water 
Quality Management:                                                                                                                 
 The US Army Corps of Engineers (1992) completed a study for Jefferson and Orleans 
Parishes. The purpose of this study was to investigate measures to alleviate rainfall flooding in 
Jefferson and Orleans Parishes and develop management plans to improve the water quality of 
storm water runoff into Lake Pontchartrain, Lake Borgne and the Barataria Estuary.  The 
pollution problem was the prime reason why the south shore of Lake Pontchartrain is not used to 
its full recreational potential for primary water contact recreation.  Samples along the south shore 
of Lake Pontchartrain were collected during 1989 and 1990. Fecal Coliform and E. Coli bacteria 
were monitored in water to assess the presence of fecal material originating in warm–blooded 
animals and humans in particular. Jefferson Parish stopped sampling for total coliform in early 
1989 since it was thought that total coliform were a poor indicator of fecal pollution and 
associated health risk. At the same time they began sampling for E. Coli, the indicator that the 
US EPA now uses for fecal pollution in freshwater zones (EPA, 1986).  Even with improved 
sewage treatment plants, violations remain frequent.  It was found that the log mean of the fecal 
coliform counts was 3533 per 100 ml, well above the state standard of 200.  Some water quality 
management plans were developed, in order to improve the water quality of storm water runoff.  
The management  practices used for urban storm water pollution were divided among three 
categories as follows: Nonstructural Controls for Reducing Urban Storm Water Pollutants, 
Structural Storm Water Controls, Erosion and Sediment Controls.  
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2.2.- Climatic Effect on Water Quality Evaluation: 
 The Department of Civil and Environmental Engineering, Engineering College, UNO, 
(Barbé et al. 2001) conducted a shoreline water quality study along the south shore of Lake 
Pontchartrain, to determine the source of fecal coliform contamination. It was hypothesized that 
“urban storm water runoff” was a major source. One objective of this study was to determine if 
the observed reduced bacteria levels were a result of decreased pollution or if these reflected a 
temporary phenomenon caused by a short–term climatic effect, this is the drought during part of 
the study. Samples were collected along the shoreline of Lake Pontchartrain as well as from the 
outlet of the London Canal in Orleans Parish in dry and wet weather conditions. According to the 
Louisiana Department of Environmental Quality (LDEQ) Regulations, all the sites were 
considered unsuitable for primary contact recreation, particularly following significant storm 
events (rainfall >0.5 inches) in the areas where FC levels have been linked to urban runoff 
discharges. FC concentrations were observed to be safe for recreational purposes within three 
days following a pumping event. The study provided statistical models that were used to analyze 
the data to determine possible predictive equations for FC levels at each of the sites. The bacteria 
probability plot for all weather conditions indicates that a given bacteria level increases 
significantly under wet weather. Also, the study provided statistical evidence that urban 
stormwater discharges are, indeed, a significant source of pathogens.  
 
2.3.- Fate of Pathogen Indicator in Storm Water Runoff: 
(McCorquodale et al. 2003), developed a 3-D hydrodynamic and mass transport model to 
predict the trajectory of the storm runoff plume as well as the bacteria concentration field. Wind 
and tide conditions were included because they are important in predicting which areas will be 
impacted by pumped stormwater.  The Princeton Ocean Model (POM) developed by Mellor and 
Blumberg (1987) through Princeton University’s Program in Atmospheric and Oceanic Sciences 
was the selected one for the development of this study.  The model was applied to a nearshore 
portion of the south shore of Lake Pontchartrain in Orleans Parish.    Recreational water 
activities adjacent to urban drainage canals should be avoided for two to three days following a 
significant storm event; it was verified by the model.  The model predicts not only reasonable FC 
concentration but also, the FC dilution-decay compared with the field observations. 
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2.4.- Lake Pontchartrain DNA Analysis Study: 
  Jefferson Parish Department of Environmental Affairs retained Shaw Coastal, Inc. (SCI) 
to develop a study called “Lake Pontchartrain DNA Analysis Study”, due to microbial 
deterioration of water quality along the south of Lake Pontchartrain. The major thrust of this 
study is to establish a baseline for fecal pollution indicator that would reflect the effect of storm 
water runoff and select a phenotypic and molecular technique to establish the potential sources of 
the documented fecal organisms in Jefferson Parish.  This study was initiated in 2003. Routine 
water and sediment samples were collected since May, 2003 until July, 2003 at the existing 
Jefferson Parish location (JP1 through JP8) and at other sites on either side of Bonnabel  (B1-B6) 
and Laketown (K1-K6) boat launches. The Parish routinely collects at least one water sample at 
each location and has established a data base which indicates that fecal levels are often elevated 
at Bonnabel and are generally much lower at Laketown (Shaw Coastal, Inc. and Southeastern 
Louisiana University, 2004).  Samples were collected and transferred to Dr. Childers, 
Southeastern Louisiana University, for analysis.  Childers (2003) presented a summary report 
entitled “ Assessment of microbial source tracking of the fecal pollution levels from the south 
shore of Lake Pontchartrain along the lakefront in Jefferson Parish: A feasibility study”. 
 The results indicate that sites K3, K6, B6, M1 and M2 which are samples taken from the 
canal, have consistently higher FC and Enterococcus densities than the other sites sampled. 
However, all sites have elevated bacterial levels during rain event sampling periods as shown on 
July 1, 2003 sampling period. Preliminary results indicate that bacteria re-growth in the 
sediments do not occur. 
 
2.5.  .-Water Quality Study and Plume Behavior Modeling for Lake Pontchartrain: 
 In 2003, a study was initiated in the north shore area of the Lake specifically at the mouth 
of the Tchefuncte River. The objectives of this study were to determine the water quality in the 
area for recreational purposes and simulating the plume patterns from the Tchefuncte River using 
Coupled Hydrodynamic-Ecological Model for Regional and Shelf Seas (COHERENS) for asses 
the hydrodynamics (Leal J C  2004). 
  Twenty eight stations were selected for this study. Samples were taken under dry and wet 
weather conditions. Parameters such as fecal coliform, nutrients (N-NH3 and N-NO3) and total 
suspended solids were measured.  During field work, readings of temperature, dissolved oxygen, 
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salinity and conductivity were recorded. Sediments samples were also collected at the different 
locations, in order to characterize the water. Under dry weather conditions safe levels were 
reported for primary contact according to the LDEQ standards (< 200MPN/100ML).  Under wet 
weather conditions the Fecal Coliform values were high on the first day of sampling, especially 
at the bridge and near the mouth. On the second day, the values were still high at the mouth but 
had dropped to safe levels in most of the other parts of the lake. It was concluded that Fecal 
Coliform counts were found to be “wet” weather-dependent at the mouth of the River and 
unsuitable for recreational purposes for at least two to three days following a rain event. 
The FC concentrations predicted by the model and those measured in the field were in good 
agreement. The model verified the typical two to three-day wet weather effect of 
stormwater discharges at the mouth of the river. The modeling system for the lake at the north 
shore simulated the evolution of the plume by the lake tides and the flow of the river, not by 
winds (Leal J C  2004). 
 
2.6. . - Comparison of E. coli, Enterococci and fecal Coliform as Indicators for Brackish 
Water Quality Assessment: 
 (Guang Jin et al. 2004), conduced a water quality study at the south shore section of Lake 
Pontchartrain.  The purpose of this study was to monitor and characterize microbial water quality 
using E. coli, enterococci, and fecal coliform as indicator organisms during lake-background 
conditions, in stormwater runoff before dilution with lake water, and in the outfall plume 
following storm events. Microbial indicator titers associated with suspended particles and lake-
bottom sediments were also investigated to study the role of sedimentation in reduction of 
microbial indicators from lake water.  Sampling sites were located in the vicinity of Duncan 
Canal, in the vicinity of Jahncke Canal and Lincoln Beach.  To determine the "source load of 
microbial indicators" samples were collected at time intervals on the discharge side of the pump 
before dilution with lake waters, following pumping activities. The lake was found to be safe for 
swimming under most background conditions in the vicinities of both Duncan and Jahncke 
Canals and Lincoln Beach. However, a small percentage of observations exceeded enterococci 
single-sample criteria. The three indicator organisms in sediment were found at a higher density 
than in overlaying water. Similar to backgrounds lake water quality in the vicinity of Jahncke 
Canal and at Lincoln Beach enterococci generally exhibited the highest average concentration in 
 10
sediment followed by fecal coliform and E. coli, respectively. Sites located near the Jahncke 
Canals, exhibited higher concentrations than other sites in Lincoln Beach. A general trend of 
increasing indicator counts was observed as the total rainfall, rain peak intensity and stormwater 
volume pumped increased. Median counts indicator in drainage canals followed the trend of E. 
coli < enterococci < fecal coliform in both Duncan and Jahncke Canals. The overall reduction 
rate constants between lake water and lake sediment demonstrated that indicator organism 
persisted longer in the sediment compared to the water column. It was verify that enterococci 
survive longer in a saline environment characterized by a lower reduction rate constant than fecal 
coliform and E.coli. Results from this study indicate that 9 to 30% of indicator organisms were 
associated with suspended solids. Results of outfall plume sampling and field measurement of 
overall reduction rate constants for microbial indicators show that enterococci may represent a 
more stable indicator than E. coli or fecal coliform and, consequently, a more conservative 
indicator under brackish water conditions.  
 
2.7.- A Study of Microbial Levels in the Tchefuncte River: 
 (Barbé et al. 1992) conducted a report for estimating fecal coliform concentration in the 
lower Tchefuncte River as a function of river discharge during summer and winter period. Data 
for fecal coliform concentration in the river were obtained from the Louisiana Department of 
Health and Hospital. Fecal coliform data from the period 1975 through 1991 were available for 
three locations (stations) along the lower Tchefuncte River. These data show that runoff is 
greater in the winter season resulting in higher fecal coliform counts in the Tchefuncte River and 
Lake Pontchartrain.  Runoff usually is lower in the summer season, and fecal coliform counts in 
the river and lake are lower. 
 
2.8.- Bacteria Kinetics:                                                                                                               
 The survival of indicator micro-organisms in aquatic systems is affected by both biotic 
and abiotic factors, including algae toxin, bacteriophages, nutrients, pH, predation, temperature, 
salinity, and sunlight.    These factors may be present in varying degrees depending on the 
specific situation. Sunlight is considered to be the single most important contributor to bacteria 
sublethal injury and die-off in a natural environment.  It was shown that bacteria die off faster at 
a higher temperature ( > 15oC) than a lower one (5oC). Several field and experimental evidences 
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suggest that bacterial activity is adversely affected at low salinity, in particular because of low 
halotolerance of freshwater bacteria. Halotolerance is the adaptation of living organisms to 
conditions of high salinity. Halotolerant species tend to live in areas such as coastal dunes, saline 
deserts, salt marshes, and inland salt seas and springs. Halophiles are a group of bacteria that live 
in highly saline environments, and indeed in many cases require the salinity to survive. 
Halophytes are salt-tolerant higher plants.The following equation can be use to calculate base 
mortality rate (first orden) for total coliform (Mancini 1978, Thomann and Mueller 1987)   
 Kb1 = (0.8 + 0.006 Ps) 1.07 T-20 
 
 Where Ps = percent sea water. Thus this formulation assumes a freshwater loss rate of 
0.8h-1 . This fresh water loss is supplemented by a salt water loss that is linearly dependent on 
salinity.  Consequently the total loss rate ranges from 0.8h-1 for fresh water to 1.4h-1 for salt 
water. The total loss is then modified to account for temperature. These factors may be present in 
varying degrees depending on the specific situation.  Table 2.1 summarizes some of the reported 
decay rates (KB,, first orden) for bacteria and viruses in various water bodies.  
 
Table 2.1.- Bacteria Kinetics 
       
Organisms KB (h-1) Remarks Reference
a
Coliforms
0.04 - 0.23 Freshwater - Summer (20 °C), seven locations 1
0.7 - 0.3 Seawater (20 °C) 2
2(8-84) From 14 oceans outfalla (variable temperature) 1
1.54 - 4.58 Seawater and sunlight 3
0.52 Sewage effluent - seawater, sunlight 4
0.08 - 2 Seawater (10-30 ppt) 5
1.65 - 2.1 Sewage - seawater and sunlight (15 - 25°C) 6
0.042 Seawater, sunlight and salinity 35 ppt 7
1.8 - 2.2 Sewage - seawater and sunlight 6
6.0 - 20.0 Sediment - seawater 8
Total Coliform
Fecal Coliform
E. coli
 
  aReferences: (1) Mitchell and Chamberlain (1978); (2) Mancini (1978); (3) Fujioka et al. (1981); (4) Sinton et al. 
(1994); (5) Anderson et al. (1979); (6) Alkan (1995); (7) Yang et al. (2000); (8) Le Guyader (1989) 
 
2.9.- A Curious Relationship between E. coli and Enterococci:  
  Leydecker (2005) monitored the Ventura River watershed and the Goleta Slough 
watershed during a January 2005 storm that truck Southern California. Samples were taken on 
January 8 on the Ventura River when flows were still relatively modest and on January 9 in 
 12
Goleta when the storm became very intense. It was found that the higher January 9 flows have 
relatively lower E.coli concentrations compared with enterococci.  For non – storm samples 
E.coli concentrations were usually higher than enterococci.  Data from a November 2001 storm 
on San Jose Creek were used to analyze the relationship between indicator bacteria ratios. The 
concentration ratios are E.coli to enterococci, and fecal coliform (FC) to total coliform (TC). The 
FC/TC ratio is a standard California test for water quality; ratios greater than 0.1 indicates a 
greater probability of fecal contamination, in other words, when more than 10% of the coliforms 
are of fecal origin.  FC was not measured, so they multiplied  E.coli concentrations by 1.7 to 
estimate FC (1.7 is the ratio between the California FC and EPA’s E.coli limits, 400 and 235 
MPN/100mL, respectively, which implies that 60% of the fecal coliforms in a sample were 
E.coli). It was observed that ratios decrease from pre-storm levels with the first flush of runoff, 
increasing early on the rising hydrograph limb, and then again decreasing as the storm reaches 
and passes its peaks. 
 
2.10.- Numerical Models: 
 There are a few numerical models that have been used to simulate Lake Pontchartrain:   
 - The Princeton Ocean Model (POM), a sigma coordinate, free surface, ocean model, 
which includes a turbulence sub-model. It was developed in the late 1970's by Blumberg and 
Mellor, with subsequent contributions from other people. The model has been used for modeling 
of estuaries, coastal regions, basin and global oceans. Georgiou (2002) used the original 
Princeton Ocean Model (POM) code to develop a whole-lake circulation model for the Lake 
Pontchartrain Estuary.  Information about this model can be found in the user manual 
http://www.aos.princeton.edu. 
 
 - The Estuarine, Coastal and Ocean Model (ECOMSED) is a modified POM model 
developed by Alan Blumberg and Hydroqual Inc. It is a hydrodynamic and sediment transport 
model.  The main attributes and capabilities are similar to POM but ECOMSED contains 
modifications and improvements that make it a more suitable model for shallow water 
environments like the Pontchartrain Estuary,  (Chilmakuri  et al. 2005) used ECOMSED model to 
determine the plume response to tide and wind conditions in Lake Pontchartrain. This model was 
modified to simulate fecal coliform. This is a 3-D model that had previously been calibrated 
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using stage and current data. The transport in the model was calibrated using conventional water 
quality parameters. The decay of the fecal coliform was based on literature and laboratory tests. 
The user manual can be downloaded from this webpage 
http://www.hydroqual.com/ehst_ecomsed.html. 
 
 - COHERENS (A Coupled and Hydrodynamical-Ecological Model for Regional and 
Shelf Seas) is a European model developed by a multinational group and funded by the European 
Union. COHERENS is a three-dimensional hydrodynamic multi-purpose model for coastal and 
sea shelfs and is coupled to biological, resuspension and contaminant models. It is described by 
(Luyten et al. 1999) as a tool for understanding the physical and ecological processes and for 
predicting and monitoring of waste materials in coastal areas and sea shelf. Its advantages 
include its modular structure and flexibility in selecting different processes, specific schemes or 
different types of forcing for a certain application.  (Leal et al. 2004) used this model for the 
north shore area of Lake Pontchartrain specifically at the mouth of the Tchefuncte River to 
simulate the plume patterns from the Tchefuncte River. Information about this model can be 
found on this webpage http://www.mumm.ac.be/~patrick/mast/coherens.html. 
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CHAPTER 3 
FIELD STUDY  AND LABORATORY ANALYSES 
 
  In May of 2004, a shoreline water quality study was initiated along the south shore of 
Lake Pontchartrain in Jefferson Parish, specifically for the Jefferson East Bank. Following 
discussions with the Environmental Department of Jefferson Parish, it was decided to focus the 
field study on the Bonnabel Canal since this was identified as an area of concern based on past 
and on-going monitoring.  
 
 The area selected is directly affected by an urban stormwater drainage canal, namely 
Bonnabel Canal. Pumping station No. 1 is located at the mouth of the Bonnabel canal. The area 
of study is also affected by additional inputs from adjacent pumping stations such as the 
Suburban Canal (Pumping Station No. 2) to the west and the 17th Street Canal (Pumping Station 
No. 6) to the east.  
 
 The objectives of the field study were to determine the water quality in the south shore 
area relative to LDEQ standards for recreational use, as well as to identify the effect of urban 
stormwater discharges into the lake. 
 
 The most commonly tested fecal bacteria indicators are total coliforms (TC), fecal 
coliform (FC), Estherichia Coli (E. coli), fecal streptococci and enterococci. The EPA 
recommends E. coli and enterococci as better indicators of health risk from water contact than 
FC.  In spite of this, fecal coliform are still being used in many states as the indicator bacteria 
(U.S Environmental Protection Agency, Monitoring and Assessing Water Quality, 1986).  
 
 Total Coliforms (TC) are a group of bacteria that are widespread in nature. All members 
of the total coliform group can occur in human feces, but some can also be present in animal 
manure, soil, and submerged wood and in other places outside the human body.  Coliforms 
bacteria include Fecal Coliform (FC) and E. coli. Fecal Coliform is a subgroup of total coliform 
bacteria. E. coli is a single specie in the fecal coliform group commonly found in the 
gastrointestinal tract and feces of warm blooded animals. FC multiply quickly when conditions 
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are favorable for growth and die in large numbers when they are not. Fecal indicator bacteria die-
off quickest in hot, dry, sunny conditions. Figure 3.1 shows the coliform bacteria. 
 
 
 
 
 
 
Figure 3.1.- Coliform Bacteria 
 (http://www.byrdultrafly.com/chattbact.htm) 
  
 The principal parameter measured during the experimental phase was fecal coliform (FC) 
bacteria.  FC was selected since it is used as the pathogen indicator for state water quality criteria 
for safe recreational use of surface waters (LDEQ, 1999).   
 
3.1.-  Sampling Schedule 
 Samples were collected under dry and wet weather conditions. A dry weather 
(background) survey was performed after three consecutive days of no-rain or insignificant 
precipitation (less than 0.5 in). Four background surveys were taken. A wet weather survey was 
performed after a significant rainfall (≥ 0.5 in) followed by a pumping discharge. Three pumping 
events were performed. Samples were collected at the mouth of the discharge using a time series 
while Bonnabel’s pumps were on. Shoreline samples were collected for three consecutive days 
after the pumping event occurred.. Three pumping/rain  event surveys were completed. 
  
 Since sampling times depended on the weather conditions, there was no defined schedule 
for the sampling collection.  The sampling phase was initiated in May 2004 and lasted through 
April 2005. 
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3.2.-  Sampling Location: 
 On the south shore of Lake Pontchartrain, there is an extensive drainage network system 
which collects and pumps all storm water falling on the area.  Urban stormwater drainage 
discharges are the principal source of contamination in the nearshore waters of the south shore; 
these waters contain pathogens as indicated by the presence of Fecal Coliform bacteria 
(Carnelos, McCorquodale and Barbé, 2001).   
 
 Bonnabel canal is located at the Lake Pontchartrain levee in Jefferson Parish.  It is 
located between the 17th Street Canal and the Suburban Canal approximately 2.26 km to the east 
and 3.49 km to the west, respectively.  A recreational beach site is located at the mouth of the 
Bonnabel Canal. The southern shoreline is shown on Figure 3.2.  
 
 
Figure 3.2.- Southern shoreline (recreational beach) near Station No. 4 
 
 The location of the grid was based on its proximity to the mouth of the Bonnabel Canal. 
Sixteen sampling stations were selected using a Global Positioning System (GPS) along the 
southern shoreline of Lake Pontchartrain in Jefferson Parish.  The stations are labeled on Figure 
3.3. 
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3.3.-  Quality Monitoring Stations and Location of Study Area 
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 Sampling point No. 16 is located directly below a bridge in front of the Bonnabel 
Pumping Station.  This site was selected after consultation with the Environmental Office of 
Jefferson Parish. One reason for choosing this site was that this area was sampled in a previous 
study which had indicated high fecal coliform counts (Shaw Coastal, Inc in Association with 
Southeastern Louisiana University. April, 2004).  Sampling stations No. 16, 12 and 11 are shown 
in Figures 3.4, 3.5 and 3.6. 
 
 
          
Station No. 16 
Figure 3.4.- Sampling Station No. 16 (Mouth of Bonnabel Canal) 
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Station No. 12 
Figure 3.5.- Sampling Station No. 12  
 
            
Station No. 11 
Figure 3.6.- Sampling Station No. 11  
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 The study zone is approximately 6.3 km (West to East) and 2.28 km (North –South).  The 
locations of these sampling sites (Table 3.1) were based on their proximity to the mouth of the 
Bonnabel Canal and , Pumping station No. 1. 
  
Table 3.1 Longitude and Latitude of the Sampling Stations 
Station Latitude Longitude
1 30.020400 -90.128217
2 30.019983 -90.130817
3 30.019883 -90.135083
4 30.020000 -90.140633
5 30.021500 -90.141667
5 (sediment) 30.021500 -90.141667
6 30.022033 -90.141967
7 30.023067 -90.141750
8 30.023033 -90.142550
9 30.022900 -90.142783
10 30.022283 -90.144350
11 30.020850 -90.144417
12 30.020500 -90.145167
13 30.019767 -90.146717
13 (sediment) 30.019767 -90.146717
14 30.019583 -90.150967
15 30.020583 -90.158383
16 30.019533 -90.144550
16 (sediment) 30.019533 -90.144550  
 
 To determine the rate of bacteria reduction from the water column due to the settling of 
suspended solids to which bacteria become attached, sediment samples were taken to investigate 
the die-off rate of the pathogens in the lake-bottom.  Sediment samples were taken from sites 5, 
16 and 13. The stations are labeled on Figure 3.7 
 
 The justification for choosing the three locations was based on the evaluation of various 
organic contents, particle size distributions, and nutrient contents that may influence the fate of 
the indicator bacteria.  The three sediment locations also represent the path of bacterial 
pathogens as they exit the Bonnabel Canal following a rain event, enter the water column, and 
potentially contaminate nearby recreational areas. A historic recreational area is located at the 
mouth of the Bonnabel Canal. (Englande et al. 2005).  
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Figure 3.7.- Sediment samples location 
 
 The Lake Pontchartrain Basin Foundation has identified nine historic recreation sites 
around the lake that are within coastal waters. One of these historic recreation sites is the 
Bonnabel Boat Launch, which is primarily used as a boat launch, fishing pier and picnic area. 
There is currently no beach or designated swimming area at this site (LDHH, 2003).  However, 
this site is being used for swimming as shown in the photograph in Figure 3.8 which was taken 
during the period of sampling. 
 
 
Figure 3.8.- Picture near Station No. 4 taken during the last background survey  
 
3.3.-  Sample Collection 
 Water samples were collected at the sixteen sites as illustrated in the photographs in 
Figure 3.9. Water samples for microbiological and chemical analyses were collected using a 
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Nasco Whirl-Pak® Sampling Pole which holds a 500 ml sampling bottle securely.  Sampling 
containers were sterilized before use.  The bottles were plunged neck down to a depth of 
eighteen to twenty-four inches below the surface.   
 
 
Figure 3.9.- Sampling Collection and Field Readings 
 (DO, temperature, salinity,  conductivity) at Stations 10 and 1. 
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 Sediment samples were collected from each of the three locations in Lake Pontchartrain 
using an Echman Dredge.  Approximately 250 mL of wet estuarine sediment were collected. 
 
 All samples were transported in an ice chest to the respective laboratory responsible for 
the analysis. All analyses were performed within the allowable storage period as given in 
Standard Methods for the Examination of Water and Wastewater 20th Edition (APHA, 1998).  
 
 During the field work, readings of temperature, dissolved oxygen, salinity, conductivity 
and specific conductivity were taken at each sampling station.   
 
 
3.4.- Laboratory Analysis 
 Tulane University School of Public Health’s Microbiology Laboratory in New Orleans 
performed the analysis for fecal coliform bacteria in water and fecal coliform bacteria in 
sediments, pH and turbidity.  The University of New Orleans Environmental Engineering 
Laboratory performed the analysis of samples for TSS,  Nutrients (Ammonia and Nitrate), and 
confirmation tests for E. coli and TC. All laboratory analyses were performed based on Standard 
Methods for the Examination of Water and Wastewater 20th Edition (APHA, 1998).  It is 
important to mention that all quality control data and performance criteria were monitored and 
errors in the system were corrected as they arose.  
 
 3.4.1.-  Laboratory Tests Procedures  
Fecal coliform bacteria (FC): are microscopic organisms that live in the intestines of 
warm-blooded animals. They also live in the waste material or feces excreted from the intestinal 
tract.  It is measured in lake waters as an indicator of potential fecal matter from one source or 
another.  FC were analyzed using the Multiple Tube Fermentation Technique (Method 9221A). 
(Tulane) 
 
 E. coli & Total Coliform:  E.coli and Total Coliform were measured during the last 
experimental phase using 3MTM PetrifilmTM E. coli/Coliform Count Plates. The University of New 
Orleans Environmental Engineering Laboratory performed these analyses. To verify the 
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accuracy of this method, samples were collected at the same site and time along with LPBF 
monitoring samples. The UNO results were compared with those reported by LPBF.  
 
 pH:  is a parameter which indicates how acid and alkaline the water becomes. It was 
measured using a Corning pH Meter, Model 320 with ORION combination probe, ± 0.2 pH 
units accuracy (Method 4500-H+).  (Tulane). 
 
 Turbidity:  is the condition of water caused by the presence of suspended matter. It was 
measured using a LaMotte Digital Turbidity Meter Model 2008, 0 to 19.99 NTU with +/- 0.2% 
or 0.05  NTU accuracy (Method 2130 B).   (Tulane). 
 
 Sediments:  the samples were taken using an Echman Dredge.  The concentrations of 
fecal coliform were quantified using the Multiple Tube Method and were reported in terms of 
MPN/g dry weight (APHA, 1998). (Tulane). 
 
 Total Suspended Solids (TSS):  The total suspended solids (TSS) test is used to quantify 
the amount of suspended organic and inorganic matter present in the water samples. The 
analyses were performed using Method 2040D .After filtration, the solids remaining in the 0.45 
µm pore size filter paper were dried at 105°C ± 1°C. (UNO). 
 
 Nitrogen as Nitrate (NO3):  Nitrogen-containing compounds act as nutrients in streams 
and rivers. Nitrate reactions [NO3-] in fresh water can cause oxygen depletion. Nitrate is a 
nutrient that helps plants to grow. An excess of nitrates in the water can result in a rapid growth 
of algae and other plants. A massive growth of aquatic plant life can change the water 
significantly. Water becomes murky, and the water temperature warms. When the plant life dies 
and starts to decompose, bacteria use up all the oxygen. The enormous decay of this plant matter, 
in turn, lowers the oxygen level. Thus, aquatic organisms depending on the supply of oxygen in 
the stream will die. The major routes of entry of nitrogen into bodies of water are municipal and 
industrial wastewater, septic tanks, feed lot discharges, animal wastes (including birds and fish) 
and discharges from car exhausts. Bacteria in water quickly convert nitrites [NO2-] to nitrates 
[NO3-].   
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 Nitrogen as Nitrate (NO3) was measured using the Method 8192 from the Hach DR/2000 
Direct. Reading Spectrophotometer Manual, which is adapted from the standard Method for the 
Examination of Water and Wastewater (Method 4500-NO3 - E)  Cadmium Reduction Method. 
(UNO). 
 
 Nitrogen as Ammonia (NH3):  Ammonia is a principal excretion product of fishes which 
results from the metabolism of nitrogenous (nitrogen containing) compounds, mainly protein, in 
their food. Ammonia is also formed from the bacterial degradation of nitrogen containing 
organic materials such as decaying plant and animal matter. It is present in solutions as both 
ionized (nontoxic NH4+) and unionized (toxic NH3) species.  
  
      It was measured using the Method 8038 from the HachDR/2000 Direct   
Reading Spectrophotometer Manual, which is adapted from the standard Method for the 
Examination of Water and Wastewater (Method 4500-NH3 E)  Phenate Method. (UNO) 
 
 Salinity:  It was measured using YSI Model 85 with Salinity readout, 0 to 80 ppt with ± 
0.1 ppt accuracy (Method 2520 B). (Tulane and UNO) 
 
 Conductivity: It was measured using YSI Model 85 with Conductivity readout, 0 to 4999 
uS/cm with ± 0.5% FS accuracy. (Method 2510). (Tulane and UNO) 
 
 Specific Conductivity: It was measured using YSI Model 85 with Specific Conductivity 
readout, 0 to 4999 uS/cm with +/- 0.5% FS accuracy (Method 2510). (Tulane and UNO). 
 
 Temperature: It was measured using YSI Model 85 with Temperature readout, -5 to +65 
°C with ± 0.1 °C accuracy (Method 2550 B). (Tulane and UNO). 
 
 Dissolved Oxygen (DO):  It was measured using YSI Model 85 with Dissolved Oxygen 
readout, 0 to 20 mg/L with +/- 0.3 mg/L accuracy (Method 4500-O G).  (Tulane and UNO). 
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3.5.-  Numerical Criteria   
 The numerical criteria standards for primary contact are based on both marine water and 
freshwater. (LDEQ, 1999). 
 
Fecal Coliform: 
 The fecal coliform content shall not exceed a log mean of 200MPN/100 ml, based on a 
minimum of five samples taken over no more than a 30-day period, or shall not exceed a log 
mean of 400MPN/100 ml, based on 10 percent of the samples during any 30-day period or 25 
percent of the total samples collected annually. These criteria shall apply only during the defined 
recreational period May 1 through October 31. 
  
Nutrient: Nitrogen as Ammonia (NH3) and Nitrogen as a Nitrate (NO3): 
 The natural level of ammonia or nitrate in surface water is typically low (less than 1 
mg/L).  
  
Dissolved Oxygen (DO):  
           Dissolved oxygen concentrations in estuarine waters shall not be less than 4 mg/L at any 
time.  
 
 
Temperature: 
 Maximum temperature of 35°C (95°F), except when natural conditions elevate 
temperature above this level. 
 
Turbidity: 
 Turbidity for estuarine lakes, bays, bayous, and canals shall not exceed 50 NTU 
(nephelometric turbidity unit).  
 
pH:  
 The pH shall fall within the range of 6.0 to 9.0 unless natural conditions exceed this 
range.  
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Total Suspended solids (TSS): 
 The total suspended solids : 45 mg/L daily maximum discharge limitation  
 
Salinity:   
 Lake Pontchartrain is considered to be an estuary. Typically, the salinity of an estuary 
exceeds 0.5 parts per thousand (by mass), but is typically less than 30 parts per thousand (by 
mass).   
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CHAPTER 4  
FIELD AND LABORATORY STUDY RESULTS 
 
4.1.- Dry Weather Conditions Water Quality Results 
 Samples were collected after three consecutive days of no-rain. Based on previous studies 
(Barbé et al. 2001), these samples were assumed to be representative of conditions in the lake 
under dry weather conditions.  Data were gathered by the Tulane and UNO teams. 
 
 The field work started on May 28th 2004, with the first field sampling to establish the first 
background.  Data were collected at the 16 stations shown in Figure 3.3. The weather conditions 
were: mostly sunny and hot; the lake was clear; wind speed was 8.4 m/s with wind direction SW 
to NE. 
 
 On July 6th, data were collected at all stations except No.1 and No.15.  Site No.1 was 
under construction and it began to rain when we reached No.15.  Site No.2 was altered due to 
bush overgrowth near the shoreline.  However, the data that were collected were used as a 
second background dataset. The weather conditions were:  sunny and hot; the lake was clear 
with, wind speed 4 m/s from the NW to SE.  
 
 On July 21st, all sites were sampled.  This sampling event was used as a third background 
dataset.  Site No.1 was relocated due to on going construction. The weather conditions were: 
mostly sunny; the lake was calm and the wind speed 6 m/s from the SE to NW. 
  
 On July 30th, data were collected at all sites.  That event concluded the background data. 
The weather conditions were: sunny and hot; lake was clear with wind speed 5.75 m/s from the 
NE to SW. 
 
  A total of four background surveys were performed for the study. The analysis was 
conducted as discussed in Chapter 3. The results of the analysis are summarized in Table 4.1. 
The raw data are given in Appendix A. 
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Table 4.1.- Summary of Backgrounds  per sampling day 
Event Parameters Min Max Mean
Salinity (ppt) 2.80 3.00 2.95 3.00
Dissolved Oxygen (DO) (mg/L) 4.59 6.41 5.50 5.38
Temperature (°C) 26.10 31.00 27.70 27.55
Turbidity (NTU) 13.85 99.20 47.27 38.55
Conductivity (mS/cm) 5.50 6.26 5.75 5.67
Specific Conductitity (mS/cm) 5.24 5.62 5.47 5.52
pH 6.84 7.38 7.10 7.09
Nitrate as Ammonia (mg/L) 0.00 0.05 0.02 0.02
Nitrate as Nitrate (mg/L) 0.02 0.04 0.03 0.03
Total Suspended solids (mg/L) 11.00 174.00 29.19 18.50
Fecal coliform (MPN/100ml) 2.00 540.00 69.66 23.00
Salinity (ppt) 2.90 3.10 3.00 3.00
Dissolved Oxygen (DO) (mg/L) 3.27 6.17 4.75 4.96
Temperature (°C) 30.00 31.00 30.51 30.50
Turbidity (NTU) * * * *
Conductivity (mS/cm) 5.98 6.38 6.17 6.11
Specific Conductitity (mS/cm) 5.42 5.75 5.58 5.54
pH 7.13 7.85 7.33 7.30
Nitrate as Ammonia (mg/L) 0.01 0.17 0.04 0.02
Nitrate as Nitrate (mg/L) 0.02 0.32 0.05 0.03
Total Suspended solids (mg/L) 11.00 119.00 27.86 15.50
Fecal coliform (MPN/100ml) 2.00 920.00 117.31 41.00
Salinity (ppt) 3.70 3.90 3.85 3.90
Dissolved Oxygen (DO) (mg/L) 3.81 6.56 5.07 5.03
Temperature (°C) 29.60 30.80 30.03 30.00
Turbidity (NTU) 12.60 134.50 40.53 33.80
Conductivity (mS/cm) 7.39 7.97 7.73 7.78
Specific Conductitity (mS/cm) 6.73 7.19 7.06 7.12
pH 7.11 7.99 7.47 7.37
Nitrate as Ammonia (mg/L) 0.01 0.08 0.03 0.03
Nitrate as Nitrate (mg/L) 0.02 0.05 0.03 0.03
Total Suspended solids (mg/L) 13.00 64.00 24.81 20.50
Fecal coliform (MPN/100ml) 0.00 1600.00 430.24 240.00
Salinity (ppt) 3.00 3.50 3.33 3.30
Dissolved Oxygen (DO) (mg/L) 2.75 6.33 4.82 4.87
Temperature (°C) 30.90 33.00 31.64 31.40
Turbidity (NTU) 12.80 75.30 30.64 25.90
Conductivity (mS/cm) 6.55 7.34 6.99 6.94
Specific Conductitity (mS/cm) 5.71 6.45 6.22 6.21
pH * * * *
Nitrate as Ammonia (mg/L) 0.00 0.10 0.02 0.02
Nitrate as Nitrate (mg/L) 0.01 0.05 0.03 0.03
Total Suspended solids (mg/L) 4.00 51.00 11.62 7.00
Fecal coliform (MPN/100ml) 2.00 1600.00 277.51 70.00
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                           * The pH meter and Turbidity meter were malfunctioning.  
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 4.1.1.- Bacteria Contamination Indicated by Fecal Coliform 
 During dry weather conditions, high concentrations of Fecal Coliform were present at 
some of the sites, especially, at the extreme ends of the study reach. This is probably due to 
additional input from adjacent pumping stations such as, the Suburban Canal Pumping Station to 
the west and 17th Street Pumping Station to the east. Flow data from these pumping stations 
were provided to us by the pumping station operators.  The mean and log mean values for Fecal 
Coliform are summarized in Table 4.2. 
 
Table 4.2.- Background Fecal Coliform Concentrations 
     
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
Mean Log Mean STDE
1 13 920 920 540 598.25 278 42
2 4.5 Not sampled 920 7.8 310.77 32 528
3 13 13 22 2 12.50 9 8
4 110 79 46 79 78.50 75 26
5 2 22 11 17 13.00 10
5 duplicate >2 33 4.5 2 10.38 5 15
6 7.8 70 240 33 93.60 46 105
7 23 22 33 280 112.00 47 127
8 2 33 49 170 73.67 27
9 540 70 >1600 70 570.00 255 72
10 23 350 0 7.8 95.20 16 17
11 130 79 49 170 107.00 96 54
12 79 49 920 70 279.50 126 42
13 33 2 140 350 131.25 42 157
13 duplicate Not sampled Not sampled 240 220 230.00 230 14
14 79 33 540 >1600 563.00 218 72
15 13 Not sampled 350 1600 654.33 194 83
16 79 23 490 21 153.25 66 226
16 duplicate 33 79 1600 33 436.25 108 77
Min 2 2 0 2
Max 540 920 >1600 >1600
Mean 65.91 117.31 >430.24 >277.51
Median 23 41 240 70
Log Mean 21.91 45.96 >123.95 >65.42
STDE
V
9
9
74
2
0
7
8
6
6
V 125 229 524 487
Fecal Coliform (MPN/100ml)
  
        Not sampled = the situation became unsafe for continuing sampling. 
       Note: Tulane University data  
 
 Even though, the log mean of the Fecal Coliform doesn’t meet the LDEQ criterion which 
states that it shall not exceed a log mean of 200/100mL using at least 5 samples within 30 days, 
the data were compared with this numerical criterion to give an idea of the level of pollution in 
the lake for recreational purposes.   
 31
 As shown in Table 4.2, for background #1 and #2, the fecal coliform bacteria 
concentrations were less than 400 MPN/100ml in most of the sites.  However, one exceedance 
was observed at site 9 for background #1. Background #2 shows high levels of FC at site 1.  It 
was verified that on July 5th (the day before sampling for background # 2) a pumping event 
occurred at 17th Street Canal Pumping Station No. 6, with a total discharge of 68 million 
gallons.  Fecal Coliform levels for the sediment samples were higher than for the water samples 
for background #1 and were low for background #2. 
  
 The third and fourth background datasets show high concentrations of fecal coliform at 
the sites which are at the extreme ends of the study reach.  For the backgrounds #3 and #4 a 
possible explanation can be suggested for the high concentration at the extremes.  Sites No: 1, 2, 
14 & 15 are influenced by additional input from the adjacent pumping stations, as mentioned 
before. 
  
  On July 20th (the day before sampling for background # 3), a pumping event occurred at 
the 17th Street Canal Pumping Station with a total discharge of 29 million gallons.  No pumping 
event was recorded in the Suburban Canal, but on July 18th, 46 million gallons was discharged 
into the lake by the Suburban Canal Pumping Station. On July 27th and 29th, that is prior to 
background #4, a pumping event occurred at the 17th Street Canal.  On July 26th, 0.12 inches of 
rain was recorded by the Suburban Canal operators and a pumping event occurred with a total 
discharge of 28 million gallons.  These events indicate that pumping of urban runoff storm water 
has a significant impact on the water quality of this part of the southshore of Lake Pontchartrain. 
 
 For background #3 the highest FC count recorded was >1600 MPN/100mL at site 9 (also 
with highest turbidity) followed by 920 MPNs/100mL at sites 1, 2 and 12. The single sample 
criterion of 400 MPN/100 ml was exceeded for six sampling locations, sites 1, 2, 9, 12, 14  and 
16. Fecal coliform levels for the sediment samples were very low for this survey. 
 
  For background #4 the highest FC counts (>1600MPN/mL ) were at site 14 and 15 
followed by 540 MPNs/100 ml at Site 1. The single sample criterion of 400 MPN/100 ml was 
exceeded for three sampling locations, sites 1, 14 and 15.  However, background log means per 
 32
sample day are within the acceptable range for swimming, the highest log mean was 124 
MPN/100mL for background #3, which is less than 200 MPN/100mL. The fecal coliform levels 
for the sediment samples were low.  
 
 Station No. 9 is located inside of a breakwater where the boats are harbored, so the water 
movement is restricted (Figure. 4.1). Contamination from boating activities is also a possible 
explanation for elevated dry weather bacteria counts.  Site No. 12 could be impacted by birds 
(Figure.4.2).  
 
 
                                          
Station No. 9 
Figure 4.1.- Boat Launch ,Site location. Station No. 9 
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 Station No. 6
Figure 4.2.- Boat Launch, Site location. Station No. 6 
 
 
 The sediment values for fecal coliform for backgrounds are summarized in Table 4.3.   
 
Table 4.3.- Fecal Coliform values (Sediments) based on data from Tulane University 
      
site Background #1  May 28, 2004
Background #2 
July 6, 2004
Background #3 
, 2004
Background #4 
July 30, 2004 Mean Log Mean
0.00 7.74 3.69 2.97
.00 2.30 5.07 3.10
0.00 0.00 63.85 9.82
plicable 2.61
m (MPN/gr)
July 21
5 90.4 < 2.00
13 No sampled 12.9 0
16 > 211.40 44.00
Log Mean >138.14 <10.43 No ap
Sediments, Fecal Colifor
 
       Note: Tulane University data  
 
 The nature of background stations No. 1 & 4 are illustrated in Figures 4.3 and 4.4 
respectively. 
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30.015
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30.03
30.035
30.04
Fecal Coliform
540.00
287.84
153.43
81.79
43.59
23.24
12.39
6.60
3.52
1.88
1.00
Bonnabel Canal
Background No.1 . May 28, 2004
Fecal Coliform (MPN/100mL)
 
  Figure 4.3.- Fecal Coliform counts during the first backgrounds (May 28, 2004) 
Longitude
La
tit
ud
e
-90.155 -90.15 -90.145 -90.14 -90.135 -90.13
30.015
30.02
30.025
30.03
30.035
Fecal Coliform
1600.00
765.08
365.84
174.94
83.65
40.00
19.13
9.15
4.37
2.09
1.00
Bonnabel Canal
Background No.4 . July 30, 2004
Fecal Coliform (MPN/100mL)
 
Figure 4.4.- Fecal Coliform counts during the last backgrounds (July 30, 2004) 
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 4.1.2.- Nutrients and Total Suspended Solids 
 During the background surveys the levels of N-NO3 and N-NH3 were found to be low.  
The concentrations of N-NO3 were in the range (0.01 – 0.05) mg/L, with a mean concentration 
level of 0.03 mg/L.  Ammonia levels (N-NH3 ) were between (0.0 – 0.17) mg/L with  mean 
concentrations of 0.03 mg/L. These values comply with the numerical criterion for lakes given in 
Chapter 3. Figures 4.5 through 4.9 show the nutrient concentrations during the background 
surveys. 
Longitude
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tit
ud
e
-90.15 -90.14 -90.13
30.015
30.02
30.025
30.03
30.035
30.04
NO3
0.04
0.04
0.03
0.03
0.02
0.02
0.02
0.01
0.01
0.00
0.00
Bonnabel Canal
Background No.1 . May 28, 2004
Nutrient : NO3 (mg/L)
 
Figure 4.5.- N- as Nitrate during the first background (May 28, 2004) 
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Nutrient : NO3 (mg/L)
 
Figure 4.6.- N- as Nitrate during the second background (July 6, 2004) 
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Figure 4.7.- N- as Ammonia during the first background (May 28, 2004) 
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Figure 4.8.- N- as Ammonia during the second background (July 6, 2004) 
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Figure 4.9.- N- as Ammonia during the third background (July 21, 2004) 
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 Total suspended solids (TSS) give a measure of the turbidity of the water.  Large volumes 
of TSS can reduce light penetration and decrease photosynthesis of phytoplankton and algae.  
The mean concentration of TSS during the background monitoring period was 23.4 mg/L.  Site 
No. 4 had the highest concentration with a mean of  80.75mg/L; it was observed the highest 
turbidities values at this site had a mean of 79.57 NTU.  Site No.4 is shown in Figure 4.10. This 
site seems to be filled with organic sediments. Table 4.4 shows TSS concentrations by station 
during the background surveys 
 
 
   
 
Figure 4.10.-  Station No.4 
 
Table 4.4.- TSS Concentration during backgrounds per station 
 
        
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
Mean STDEV
1 16 119 22 7 41.00 52.36
2 19 Not sampled 29 17 21.67 6.43
3 14 18 23 5 15.00 7.62
4 174 94 44 11 80.75 70.91
5 16 13 18 5 13.00 5.72
6 17 13 17 6 13.25 5.19
7 11 15 14 7 11.75 3.59
8 15 11 16 7 12.25 4.11
9 18 16 24 5 15.75 7.93
10 19 15 15 4 13.25 6.45
11 46 16 19 5 21.50 17.41
12 20 12 13 4 12.25 6.55
13 19 16 22 51 27.00 16.19
14 17 17 41 21 24.00 11.49
15 22 Not sampled 64 23 36.33 23.97
16 24 15 16 8 15.75 6.55
Min 11.00 11.00 13.00 4.00
Max 174.00 119.00 64.00 51.00
Mean 29.19 27.86 24.81 11.62
Median 18.50 15.50 20.50 7.00
STDEV 39.38 33.73 13.79 12.10
TSS (mg/l)
 
          Note: University of New Orleans (UNO) data   
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 4.1.3.- Physical - Chemical Parameters 
 
 As mentioned in Chapter 3, during the field work, readings of Temperature, Dissolved 
Oxygen, Salinity, pH, Conductivity and Specific conductivity were taken.  The mean values are 
summarized in Table 4.5. The raw data are given in Appendix A 
 
     Table 4.5.- Mean values for backgrounds per station 
        
Station Salinity (ppt) Dissolved Oxygen (DO) (mg/L)
Temperature 
(°C)
Turbidity 
(NTU)
Conductivity 
(mS/cm)
Specific 
Conductitity 
(mS/cm)
pH
1 3.33 5.30 30.13 34.40 6.75 6.14 7.50
2 3.43 6.14 29.90 33.07 6.94 6.33 7.45
3 3.35 5.37 29.93 22.20 6.73 6.14 7.38
4 3.33 5.09 29.88 79.57 6.67 6.11 7.32
5 3.33 4.83 29.15 23.07 6.64 6.15 7.13
5 duplicate 3.33 4.83 29.15 22.50 6.64 6.15 7.10
6 3.30 5.31 29.43 22.13 6.67 6.14 7.24
7 3.30 5.55 29.70 23.60 6.68 6.12 7.22
8 3.30 5.47 29.73 16.67 6.66 6.11 7.26
9 3.35 4.12 29.90 67.57 6.74 6.16 7.29
10 3.25 4.81 29.75 30.73 6.56 6.00 7.17
11 3.25 5.39 29.98 14.88 6.58 6.01 7.46
12 3.23 4.17 30.30 48.83 6.59 5.98 7.21
13 3.25 5.19 30.30 56.30 6.67 6.06 7.17
13 duplicate 3.55 4.97 30.50 35.35 7.25 6.58 7.27
14 3.28 5.24 30.88 71.50 6.80 6.12 7.62
15 3.30 6.21 31.07 53.90 6.87 6.17 7.66
16 3.20 4.18 30.30 46.03 6.58 5.97 7.24
16 duplicate 3.2 4.18 30.3 43.83 6.58 5.97 7.217  
              
          Note: UNO & Tulane data 
 
  4.1.3.1- Salinity 
 Over the monitoring period salinity levels along the shoreline for dry weather were in the 
range of 2.8 ppt to 3.9 ppt.  The mean salinity value was 3.3 ppt.  The lowest value of 2.9 ppt 
were observed at sites 11, 12, 13 and 16 located near the mouth of the Bonnabel Canal.  The 
salinity in the canal was expected to be low due to the fresh rainwater inputs. Figures 4.11 to 
4.14 show that the stations located near the mouth have lower salinity values than those further 
the mouth.  
 
 The salinities value for backgrounds were compared with other stations in Lake 
Pontchartrain, e.g, LUMCON , Rigolet and Pass-Manchac stations. Table 4.6 shows salinity 
ranging values for the stations on the period of sampling.  
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Table 4.6.- Salinity ranging values for the background sampling period 
 
Station Background #1 May-28-2004 
Background #2 
July-6-2004
Background #3  
July-21-2004
Background #4 
July-30-2004
LUMCON (0.6 - 0.2) (0.1 - 0.1) (0.2 - 0.5) (0.3 - 0.8)
Pass-Manchac (0.2 - 0.9) (0.1 - 0.1) (0.4 - 0.7) (0.3 - 0.6)
Rigolets (2.0 - 3.1) (1.4 - 2.1) (1.3 - 1.7) (3.2 - 7.6)
Bonnabel (sampling area) (2.8 - 3.0) (2.9 - 3.1) (3.7 - 3.9) (3 - 3.5)
Salinity (ppt)
 
 
 It can be observed that salinities values from the study area are higher compared with 
LUMCON and Pass Manchac stations; this is because LUMCON is located between Pass 
Manchac (South Pass) and the Tangipahoa River at the northwest  part of the Lake which tends 
to have slightly lower salinities. Pass Manchac connects Lake Maurepas with Lake 
Pontchartrain, Lake Maurepas is mainly fresh water. Rigolets station is a pass which connects the 
eastern end of Lake Pontchartrain to Lake Borgne, which is connected to the Gulf of Mexico, so 
salinity values from this station should be greater than the ones on the south shore. Salinity in 
Rigolets station depends on the tides, The higher the tide the higher the salinity as well as the 
plume from the Pearl River.  It can be observed that salinities values from this station were lower 
than the south shore for the first three backgrounds. 
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Figure 4.11.- Salinity  during the first background (May 28, 2004) 
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Figure 4.12.- Salinity  during the second background (July 6, 2004 
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Figure 4.13.- Salinity  during the third background (July 21, 2004) 
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Figure 4.14.- Salinity during the fourth background (July 30, 2004) 
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  4.1.3.2.- Dissolved Oxygen (DO) 
 Oxygen is measured in its dissolved form as dissolved oxygen (DO). If more oxygen is 
consumed than is produced, dissolved oxygen levels decline and some sensitive animals may 
move away, weaken, or die.  Low DO concentrations are likely to be associated with low water 
quality. 
 
 DO levels fluctuate seasonally and over a 24-hour period. They vary with water 
temperature and altitude. Cold water holds more oxygen than warm water and water holds less 
oxygen at higher altitudes. Aquatic animals are most vulnerable to lowered DO levels in the 
early morning on hot summer days when stream flows are low, water temperatures are high, and 
aquatic plants have not been producing oxygen since sunset. 
 
 For the four monitoring events along the shoreline of Lake Pontchartrain in Jefferson 
Parish for dry weather the minimum recorded value was 2.75 mg/L and the maximum recorded 
value was 6.56 mg/L, with a mean concentration of 5.07 mg/L.  Low values of DO (less than 4 
mg/L) were found at five stations (1, 9, 12, 14 & 16 ) indicating the low water quality at these 
sites . Table 4.7 shows the percentage saturation and the water quality index per station  
Appendix A provides the raw data for the background DO.  
 
Table 4.7.-  % Saturation and Water Quality Index per Station 
     
Site DO       (mg/L)
Temperature 
(°C) % Saturation
Water Quality 
Index
1 5.30 30.13 71 76
2 6.14 29.90 82 89
3 5.37 29.93 72 78
4 5.09 29.88 68 72
5 4.83 29.15 64 64
5 duplicate 4.83 29.15 64 64
6 5.31 29.43 71 76
7 5.55 29.70 74 80
8 5.47 29.73 73 79
9 4.12 29.90 55 51
10 4.81 29.75 64 64
11 5.39 29.98 72 78
12 4.17 30.30 56 52
13 5.19 30.30 70 75
13 duplicate 4.97 30.50 67 70
14 5.24 30.88 72 78
15 6.21 31.07 85 91
16 4.18 30.30 57 53
16 duplicate 4.18 30.30 57 53    
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  4.1.3.3.- Temperature 
 Temperature affects the oxygen content of the water (oxygen levels become lower as 
temperature increases), the rate of photosynthesis by aquatic plants, the metabolic rates of 
aquatic organisms, and the sensitivity of organisms to toxic wastes, parasites and diseases.   The 
most obvious reason for temperature change in lakes is the change in seasonal air temperature. 
Daily variation also may occur, especially in the surface layers, which are warmed during the 
day and cooled at night. 
 
 Temperatures during summer 2004 were in the range 26.1 °C to 33 °C,.  Site No. 15, 
which was typically taken at 11:00 am, recorded the highest values.  The lowest values were 
obtained at sites 5, 6 and 7 which were taken usually at 8:00 am.  The average temperature was 
30.0 °C for the background survey period.  Appendix A provides the raw data.  The mean 
temperature values for backgrounds were compared with other stations in Lake Pontchartrain, 
e.g, LUMCON, Rigolets and Pass-Manchac stations. Table 4.8 shows the temperature ranging 
values for the stations on the period of sampling.  
 
Table 4.8.- Temperature ranging values for the Backgrounds sampling period 
 
Station Background #1 May-28-2004 
Background #2 
July-6-2004
Background #3  
July-21-2004
Background #4  
July-30-2004
LUMCON (26.9 - 29.1) (28.9 - 29.8) (29.1 - 30.6) (30.2 - 32.8)
Pass-Manchac (27.5 - 29.4) (28.9 - 31.1) (29.9 - 31.9) (29.7 - 33.6)
Rigolets (29.8 - 27.9) (29.2 - 30.4) (28.8 - 29.9) (30.4 - 31.1)
Bonnabel (sampling area) (26.1 - 31.0) (30.0 - 31.0) (29.6 - 30.8) (30.9 - 33.0)
Temperature (°C)
 
 
 
 
  4.1.3.4.- Turbidity 
  Turbidity is the measure that quantifies how much of the light traveling through the 
water is scattered by the suspended particulates including algae. Higher turbidity increases water 
temperatures because suspended particles absorb more heat. This, in turn, reduces the 
concentration of dissolved oxygen (DO) because warm water holds less DO than cold.  Turbidity 
values were highest at Sites 4, 9, 13, 14, and 15. The mean turbidity value for the area during the 
background surveys was 39.27 NTU which is less than      50 NTU (criterion).  Otherwise, no 
clear pattern was observed with regards to turbidity under dry weather conditions. The highest 
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turbidity value  was found at site No. 4 with a mean of 79.57 NTU; this site also, presented the 
highest TSS values with a mean of 80.75 mg/L. The turbidities value for backgrounds was 
compared with stations: LUMCON and Pass-Manchac station, which were 15.71 NTU and 14.05 
NTU, respectively. It can notice that the mean turbidity value of the study area was higher than 
the other stations, which indicates that this are probably has lower water quality compare with 
the other stations.  Table 4.9 shows the turbidity ranging values for the stations on the period of 
sampling. 
 
Table 4.9.- Turbidity ranging values for the Backgrounds sampling period 
    
 
Station Background #1 May-28-2004 
Background #2 
July-6-2004
Background #3  
July-21-2004
Background #4  
July-30-2004
LUMCON (14.6 - 53.5) (8.9 - 22.9) (7.9 - 19.8) (3.37 - 8.46)
Pass-Manchac (14.0 - 30.0) (11.0 - 20.0) (6.7 - 12.0) (8.8 - 18.0)
Bonnabel (sampling area) (13.85 - 99.2) * (12.6 - 134.5) (12.8 - 75.30)
Turbidity (NTU)
 
    * The turbidity meter was malfunctioning  
 
  4.1.3.5.- Conductivity 
 Conductivity is used as the measure of a water sample to conduct electrical current and is 
measured in micromhos per centimeter.  Pure water does not conduct electricity.  Rather it is the 
dissolved solids and salts that conduct electrical current.  The higher levels of conductivity 
represents higher levels of dissolved salts in water. Conductivity in water is affected by the 
presence of inorganic dissolved solids such as chloride, nitrate, sulfate, and phosphate anions 
(ions that carry a negative charge) or sodium, magnesium, calcium, iron, and aluminum cations 
(ions that carry a positive 
charge). Conductivity is also affected by temperature: the warmer the water, the higher the 
conductivity.  
 
 The mean Conductivity values were observed to be highest at sites 1, 2, 14 and 15 which 
are located far from the mouth of the canal, indicating high concentration of salt. On the other 
hand, the lowest mean values were found at the proximity of the mouth, sites 10, 11, 12, 13 and 
16, which held more fresh water due to the discharge. 
 During each background survey the conductivities values were similar. The mean 
conductivity value was 6.71 mS/cm. 
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  4.1.3.6.- pH 
 pH affects many chemical and biological processes in the water.  The largest variety of 
aquatic animals prefers a range of 6.5-8.0. If the pH is outside this range the diversity in the 
stream may be reduced because it stresses the physiological systems of most organisms and can 
reduce reproduction.  pH values along the shoreline of Lake Pontchartrain in Jefferson Parish 
were similar,  ranging from 6.84 to 7.99 during the study period (May - July); the mean value 
was 7.31.  
 
 4.1.4.-  Summary of Bacteria Contamination for Background Surveys 
 There are notable observations that even under dry conditions, some sites exhibit elevated 
Fecal Coliform levels, especially at the extreme end of the study reach due to discharges from 
adjacent pumping stations (sites: 1, 2, 14 & 15).  For Background #1 the Fecal Coliform levels at 
Site 9 was higher than 400 MPN/100 ml. The geometric mean for all samples on that day was 
21.9 MPN/100mL.  The geometric mean for Background #2 was 46.0 MPN/100mL. There was 
one site which was above 400 MPN/100 mL (site 1). Site 1 was influenced by pumping from the 
nearby Pumping Station No. 7 as  explained before. Site 10, which presented 350 MPN/100mL, 
might be impacted by animal droppings.  Background #3 shows high levels at sites 1, 2, 9, 12, 
14, 15 and 16. Pumping events were recorded at the 17th Street Canal and the Suburban Canal on 
July 20th and July 18th respectively. This explains the elevated concentrations at the extreme 
sites. Sites 6, 12 and 13 may be impacted by animals, especially by dogs and birds which were 
around during the sampling day.  On that day, for all samples the geometric mean was 124 
MPN/100mL.  During the last Background survey (#4) it was found that three sites (1, 14 and 
15) had Fecal Coliform levels greater than 400 MPN/100mL.  The geometric mean was 65.4 
MPN/100mL. The same possible causes that were discussed for Background survey #3, are 
applicable to Background survey #4.  As indicated in Table 4.2, the geometric means per sites 
for backgrounds are within the acceptable range for swimming in most of the sites. These results 
represent the water quality in Lake Pontchartrain during dry weather conditions for the period of 
sampling (May - July). The geometric mean values were close to 200 at four stations (1, 9, 13 
and 14). So these sites are probably not suitable for primary contact.   
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4.2.- Wet Weather Conditions Water Quality Results 
 For the year 2004 the total annual precipitation in the area of study was 63.85 inches. 
From January, 2005 to April, 2005 the precipitation amount was 25.29 inches. Table 4.10 shows 
the monthly rain for the period of sampling.  The highlight lines represent the months where 
samples were collected. 
 
Table 4.10.- - Precipitation amount  for the sampling period 
(May, 2004 – April, 2005) 
Month inches of rain
January, 2004 3.55
February, 2004 8.73
March, 2004 0.46
April, 2004 10.15
May, 2004 9.16
June, 2004 10.72
July, 2004 2.28
August, 2004 3.06
September, 2004 0.84
October, 2004 6.15
November, 2004 5.78
December, 2004 2.97
January, 2005 5.78
February, 2005 9.18
March, 2005 4.11
April, 2005 6.22  
 
 The area of study is affected by a system of urban runoff from pumping stations and 
drainage canals as mentioned previously. Pumping events from the three pumping stations that 
surround the area (Bonnabel Canal, 17th Canal and Suburban Canal) were recorded. Samples 
were collected after three heavy localized rain events, while the pumps were on at Pumping 
Station No.1, Bonnabel Canal (Figure 4.15). The samples were taken consecutively for three 
days.  
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Figure 4.15.- Pumping Station No. 1. (Bonnabel Canal) 
  
The ‘wet’ events consisted of three rain events and three pumping events, as follows: 
 
 Rain event No.1: 
 On August 22nd, 2004, 1 inch of rainfall was recorded by pumping station operators.  The 
Bonnabel pumping station pumped for two hours twenty four minutes (2 hr: 24 min) from 9:12 
pm to 10:12 pm and 9:18 pm to 11:36 pm with a total of discharge of  47 million gallons. The 
flows were 1050 cfs and 300 cfs.  Samples were not collected during the pumping event due to 
unsafe conditions.  However, samples were collected the following morning August 23rd and the 
mornings of August 24th and 25th (No rain was recorded during the three days of sampling).  
Figure 4.16 shows the daily rainfall record for the Rain Event No.1. The red points indicate the 
days that samples were collected.  
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Figure 4.16.- Rainfall records for Rain Event No.1 
 
 Pumping event No.1: 
 A pumping event occurred on September 3rd, 2004.  Samples were taken from site No. 16 
every 10 minutes for one hour. The Bonnabel pumping station pumped for 100 minutes. The 
total discharge was 39.5 million gallons. The pumping times were: from 12:05 pm to 12:47 pm 
(300cfs), from 12:35 pm to 1:35 pm (1050 cfs) and  from 1:15 pm to 1:35 pm (300cfs)  The 
shoreline sample collection was not performed on the subsequent days. 
 
 Rain event & Pumping event No.2: 
 From the period  October 8th - October 14th, there were storm events which were 
considered for the study. Figure 4.17 illustrates the rainfall records for Rain Event No.2. The red 
points indicate the days that samples were collected. 
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Figure 4.17.- Rainfall records for Rain Event No.2  
 
 On October 8th, 2004, The Bonnabel pumping station recorded 0.83 inches of rain, and a 
pumping event occurred. The Bonnabel pumping station pumped for three hours twenty four 
minutes (3 hr:24 min). The pumping times were: from 7:30 am to 8:18 am, from 10:30 am to 
12:00 pm and from 1:15 pm to 2:21 pm. The total discharge was 27 million gallons. The average 
flow rate was 300 cfs. 
 
 Samples were taken from site No. 16 at intervals of 10 minutes for one hour twenty 
minutes (1 hr:20 minutes) from 10:35 am to 11:55 am.  The shoreline sampling sites were 
colleted on the following days: 
 
 - On October 9th, samples were not collected due to unsafe conditions as a result a severe 
storm with heavy rain  of 2.53 inches.  A pumping event occurred with a total discharge of 140 
million gallons. On October 10th, 5.4 inches of rain were reported and  206 million gallons were 
discharged into the lake by The Bonnabel pumping station. 
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 -  On October 11th, samples were collected from all the shoreline sampling sites. A 
pumping event of 54 minutes was recorded (with no rain), from 7:05 am to 7:59 am. The total 
discharge was 7 million gallons. 
 - On October 12th, data were collected at all stations.  A pumping event occurred for one 
hour twenty minutes (1hr:20min) (with no rain). This happened in two stages from 7:25 am to 
8:07 am and from 6:30 pm to 7:18 pm.  The total discharge was 11 million gallons. 
 -  On October 13th, all sites were sampled. There was no rainfall; however, a pumping 
event occurred. The total discharge was 17 million gallons. 
 - On October 14th, No pumping event occurred. All sites were sampled.   
 
 Rain event & Pumping event No.3: 
 A pumping event occurred on April 6th, 2005. A  local rainfall of 2.51 inches was 
recorded.  Samples were taken from site No. 16 every 30 minutes for 3 hours and 10 minutes. 
The total discharge was 65 million gallons. The flow rates were 1050 cfs and 300 cfs.  Samples 
were collected the following morning, April 7th and the mornings of April 8th and 9th.  The 
rainfall and pumping events data were supplied by the pumping station operators. Precipitation 
readings and pumping events for this study are displayed in Appendix B.  All raw data are 
located in Appendix C.  The results of the analysis are summarize in Tables 4.11, 4.12  and 4.13.  
Figure 4.18 shows the daily rainfall records for Rain Event No.3. 
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Figure 4.18.- Rainfall records for Rain Event No.3 
 
 
Table  4.11.-  Summary of Rain Event No.1 per sampling day 
Event Parameters Min Max Mean Median
Salinity (ppt) 2.90 3.90 3.53 3.50
Dissolved Oxygen (DO) (mg/L) 3.57 6.60 5.10 5.51
Temperature (°C) 29.30 33.00 30.36 30.00
Turbidity (NTU) 2.40 21.10 7.63 5.90
Conductivity (mS/cm) 5.78 8.21 7.20 7.16
Specific Conductitity (mS/cm) 5.35 7.19 6.53 6.50
pH 7.41 7.80 7.66 7.66
Nitrate as Ammonia (mg/L) 0.01 0.15 0.05 0.06
Nitrate as Nitrate (mg/L) 0.01 0.08 0.04 0.04
Total Suspended solids (mg/L) 5.00 29.00 14.75 13.00
Fecal coliform (MPN/100ml) 11 1600 1066 1600
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Table 4.11.- Summary of Rain Event No.1 per sampling day (cont.) 
Event Parameters Min Max Mean
Salinity (ppt) 3.40 3.90 3.69 3.70
Dissolved Oxygen (DO) (mg/L) 2.48 6.83 4.52 4.53
Temperature (°C) 28.90 30.80 29.69 29.60
Turbidity (NTU) 1.20 6.50 3.24 2.90
Conductivity (mS/cm) 6.70 7.81 7.40 7.53
Specific Conductitity (mS/cm) 6.25 7.16 6.80 6.91
pH 7.25 7.81 7.44 7.35
Nitrate as Ammonia (mg/L) 0.00 0.12 0.03 0.02
Nitrate as Nitrate (mg/L) 0.01 0.08 0.03 0.03
Total Suspended solids (mg/L) 6.00 12.00 9.19 9.00
Fecal coliform (MPN/100ml) 13 1600 400.8 110
Salinity (ppt) 3.70 4.20 3.96 3.90
Dissolved Oxygen (DO) (mg/L) 3.19 5.48 4.41 4.48
Temperature (°C) 28.10 30.10 29.49 29.50
Turbidity (NTU) * * * *
Conductivity (mS/cm) 7.37 8.29 7.82 7.79
Specific Conductitity (mS/cm) 6.73 7.62 7.20 7.11
pH * * * *
Nitrate as Ammonia (mg/L) 0.00 0.23 0.05 0.03
Nitrate as Nitrate (mg/L) 0.00 0.05 0.02 0.02
Total Suspended solids (mg/L) 5.00 23.00 11.62 9.00
Fecal coliform (MPN/100ml) 13 1600 311 110
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Table 4.12.- Summary of Rain Event No.2 per sampling day 
Event Parameters Min Max Mean Median 
Salinity (ppt) 2.20 3.20 2.79 2.80
Dissolved Oxygen (DO) (mg/L) 3.14 7.22 6.18 6.50
Temperature (°C) 23.80 24.90 24.23 24.20
Turbidity (NTU) 18.80 54.40 32.12 27.60
Conductivity (mS/cm) 4.05 5.98 5.04 5.12
Specific Conductitity (mS/cm) 4.09 5.99 5.12 5.22
pH 7.60 8.14 7.83 7.82
Nitrate as Ammonia (mg/L) 0.07 0.16 0.10 0.09
Nitrate as Nitrate (mg/L) 0.01 0.34 0.06 0.04
Total Suspended solids (mg/L) 29.00 92.00 47.69 38.50
Fecal coliform (MPN/100ml) 350 1600 1443 1600
Salinity (ppt) 1.50 3.40 2.90 3.00
Dissolved Oxygen (DO) (mg/L) 4.36 7.61 6.45 6.74
Temperature (°C) 23.40 24.40 23.94 23.90
Turbidity (NTU) * * * *
Conductivity (mS/cm) 2.75 6.23 5.37 5.42
Specific Conductitity (mS/cm) 2.83 6.30 5.47 5.56
pH * * * *
Nitrate as Ammonia (mg/L) 0.04 0.36 0.10 0.08
Nitrate as Nitrate (mg/L) 0.01 0.44 0.07 0.05
Total Suspended solids (mg/L) 34.00 135.00 78.38 79.50
Fecal coliform (MPN/100ml) 540 1600 1544 1600
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Table 4.12.- Summary of Rain Event No.2 per sampling day (cont.) 
Event Parameters Min Max Mean Medi
Salinity (ppt) 0.70 3.30 2.87 3.30
Dissolved Oxygen (DO) (mg/L) 4.12 7.35 6.26 6.63
Temperature (°C) 21.50 24.20 22.96 22.90
Turbidity (NTU) 29.20 100.20 63.19 62.35
Conductivity (mS/cm) 1.45 5.91 5.06 5.74
Specific Conductitity (mS/cm) 1.47 6.11 5.28 6.04
pH 7.57 8.27 7.73 7.68
Nitrate as Ammonia (mg/L) 0.06 1.24 0.25 0.12
Nitrate as Nitrate (mg/L) 0.01 0.44 0.12 0.05
Total Suspended solids (mg/L) 41.00 118.00 86.31 84.50
Fecal coliform (MPN/100ml) 350 1600 1337 1600
Salinity (ppt) 3.30 4.30 3.64 3.50
Dissolved Oxygen (DO) (mg/L) 5.48 7.17 6.37 6.71
Temperature (°C) 21.90 24.20 23.05 22.95
Turbidity (NTU) 7.80 46.60 24.23 21.90
Conductivity (mS/cm) 5.86 7.60 6.43 6.18
Specific Conductitity (mS/cm) 6.13 7.70 6.66 6.44
pH 7.71 8.22 7.94 7.92
Nitrate as Ammonia (mg/L) 0.06 0.14 0.10 0.11
Nitrate as Nitrate (mg/L) 0.02 0.09 0.05 0.05
Total Suspended solids (mg/L) 31.00 115.00 70.61 70.00
Fecal coliform (MPN/100ml) 110 1600 1129 1260
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Table 4.13.- Summary of Rain Event No.3 per sampling day 
Event Parameters Min Max Mean Median 
Salinity (ppt) 2.90 3.20 3.13 3.20
Dissolved Oxygen (DO) (mg/L) 6.25 8.67 7.37 7.37
Temperature (°C) 18.5 20.60 19.81 20.05
Turbidity (NTU) * * * *
Conductivity (mS/cm) 4.50 5.46 5.09 5.18
Specific Conductitity (mS/cm) 5.41 5.93 5.75 5.84
pH * * * *
Nitrate as Ammonia (mg/L) 0.06 0.13 0.09 0.09
Nitrate as Nitrate (mg/L) 0.01 0.07 0.03 0.03
Total Suspended solids (mg/L) 17 303 149 150
E. Coli (MPN/100ml) 275 4375 1791 1613
Total Coliform (MPN/100ml) 1300 18250 6470 3844
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Table 4.13.- Summary of Rain Event No.3 per sampling day (cont.) 
Event Parameters Min Max Mean Median 
Salinity (ppt) 3.0 3.10 3.04 3.0
Dissolved Oxygen (DO) (mg/L) 6.12 8.85 7.52 7.83
Temperature (°C) 19.80 22.10 20.66 20.50
Turbidity (NTU) * * * *
Conductivity (mS/cm) 5.00 5.21 5.121 5.14
Specific Conductitity (mS/cm) 5.50 5.69 5.58 5.55
pH * * * *
Nitrate as Ammonia (mg/L) 0.06 0.14 0.10 0.10
Nitrate as Nitrate (mg/L) 0.01 0.1 0.038 0.025
Total Suspended solids (mg/L) 23 176 92 103
E. Coli (MPN/100ml) 182 1175 660 686
Total Coliform (MPN/100ml) 2050 5579 3331 3191
Salinity (ppt) 2.90 3.10 3.01 3.0
Dissolved Oxygen (DO) (mg/L) 5.8 8.45 7.77 8.02
Temperature (°C) 20.60 22.80 21.53 21.3
Turbidity (NTU) * * * *
Conductivity (mS/cm) 5.09 5.27 5.20 5.20
Specific Conductitity (mS/cm) 5.45 5.72 5.57 5.55
pH * * * *
Nitrate as Ammonia (mg/L) 0.04 0.12 0.07 0.07
Nitrate as Nitrate (mg/L) 0.01 0.06 0.023 0.02
Total Suspended solids (mg/L) 12 152 48 26
E. Coli (MPN/100ml) 114 310 184 174
Total Coliform (MPN/100ml) 657 1425 936.6 938
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                   * The pH meter and Turbidity meter were malfunctioning. 
 
 
 4.2.1.- Rain Event No.1: August 23rd, 24th & 25th, 2004 
             4.2.1.1.- Microbiological Analysis. 
 The samples were taken on August 23rd, the day after that the Bonnabel Canal Pumping 
Station had pumped for two hours and twenty four minutes (47 million gallons). The 17th Street 
Canal Pumping Station had pumped for one and one half hour (89 million gallons) and the 
Suburban Canal Pumping Station had pumped for three hours fifty four minutes (70 million 
gallons). The sampling took place ten hours and forty minutes (10 hrs: 40 min) after the pumping 
event at the Bonnabel Canal. 
 
  The Fecal Coliform counts were elevated on the first day of sampling along the 
shoreline, especially at the sites near the mouth of the Bonnabel Canal. The main cause appears 
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to be the discharge from the Bonnabel Canal and from the adjacent pumping stations. The mean 
and log mean values for fecal coliform are summarize in Table 4.14. 
 
Table 4.14.-  Fecal Coliform Values for Rain event No. 1 
           
Site Day 1           August 23, 2004
Day  2           
August 24, 2004
Day 3           
August 25, 2004 Mean Log Mean
1 1600 240 >1600 1147 850
2 540 49 23 204 85
3 240 13 49 101 53
4 1600 23 49 557 122
5 49 13 33 32 2
5 duplicate 11 23 13 16 15
6 110 350 70 177 139
7 920 64 350 445 274
8 >1600 33 540 724 305
9 >1600 49 350 666 302
10 >1600 49 540 730 349
11 >1600 1600 79 1093 587
12 >1600 920 79 866 488
13 920 170 920 670 524
13 duplicate 920 540 540 667 645
14 >1600 170 110 627 310
15 540 110 79 243 167
16 >1600 >1600 350 1183 964
16 duplicate >1600 >1600 130 1110 693
Mean 1066 401 311
Log Mean 658 129 145
Fecal Coliform  (MPN/100mL)
8
                                      
             Note: Tulane University data 
 On the second day (August 24), Fecal Coliform levels remained high, especially at the 
stations which were closest to the discharge of the Bonnabel pumping station, e.g. stations No. 
11, 12 & 16. The counts at most other stations were reduced to safe levels. On the third day, 
approximately 60 hours after the rainfall and pumping, there  still were  four sites (1, 8, 10 &13) 
with bacteria levels greater than 400 (MPN/100ml). On this day the wind speed was 5 m/s and 
the direction was N-NE. These sites are not considered suitable for primary contact according to 
the Louisiana Department of Environmental Quality (LDEQ).  The Fecal Coliform 
concentrations in the sediment for each day are listed in Table 4.15. 
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                        Table 4.15.-Dry Sediment values (Rain event No.1) 
 site Day 1 Day 2 Day 3 Log Mean Mean
5 3 26 6 7.76 11.67
13 70 24 48 43.20 47.33
16 197 211 191 199.49 199.67
Log Mean 34.59 50.87 38.03
Fecal Coliform (MPN/gr)
 
               Note: Tulane University data 
 The Fecal Coliform values for Rain Event No.1 are illustrated on Figures 4-19 through 
4.21. 
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Figure 4.19.- Fecal Coliform counts during the Rain Event 1. Day 1 (August 23, 2004)
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Figure 4.20.- Fecal Coliform counts during the Rain Event 1. Day 2 (August 24, 2004) 
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Figure 4.21.- Fecal Coliform counts during the Rain Event 1. Day 3 (August 25, 2004)
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   4.2.1.2.- Nutrients and Total Suspended Solids. 
 The concentration of nutrients in the precipitation is an essential factor affecting 
the biochemical processes in receiving waters. Not only the load but also the 
concentration of nutrients in wet deposition can be decisive in ecosystem processes.  
Scavenging processes during rain-events are responsible for peaks in concentration of 
nutrients at the beginning of rain-events (washout), followed by decreasing 
concentrations in the latter part of the rain-events (rainout) (Burch et al 1996). Nutrients 
in the storm water runoff also come from cross-flows of sanitary waste water.  
 
During Rain Event No. 1, the mean concentration levels for N-NO3 and N-NH3 
were 0.03 mg/L and 0.05 mg/L respectively.  The highest values were observed at the 
bridge (Station No. 16), near the mouth of the pumping station (sites 11 and 12 ) and at 
the extreme sites (1 & 15).  The total suspended solid mean value was 11.85 mg/L. 
Figures 4.22 through 4.27 show nutrients concentrations. 
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Figure 4.22.- N-NO3 during Rain Event No.1. Day 1 (August 23, 2004)
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Figure 4.23.- N-NO3 during Rain Event No.1. Day 2 (August 24, 2004) 
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Figure 4.24.- N-NO3 during Rain Event No.1. Day 3 (August 25, 2004) 
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Figure 4.25.- N-NH3 during Rain Event No.1. Day 1 (August 23, 2004) 
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Figure 4.26.- N-NH3 during Rain Event No.1. Day 2 (August 24, 2004) 
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Figure 4.27.- N-NH3 during Rain Event No.1. Day 3 (August 25, 2004) 
 
 
            4.2.1.3.- .- Physical – Chemical  Parameters  
 The water quality data collected indicated the effects from the rainfall. The 
average values for the Physico-Chemical parameters for Rain Event No. 1 
are summarized in Table 4.16. 
 
Table 4.16.- Summary of Physico-Chemical Parameters during Rain Even No.1 
Day 1 Day 2 Day 3 Mean
Temperature (°C) 30.36 29.69 29.49 29.85
Salinity (ppt) 3.53 3.69 3.96 3.72
DO (mg/L) 5.10 4.52 4.41 4.68
Cond. (mS/cm) 7.20 7.40 7.82 7.48
Spec. Cond. (mS/cm) 6.53 6.80 7.20 6.85
pH 7.66 7.44 * 7.55
Turbidity (NTU) 7.63 3.24 * 5.44  
                 * The pH meter and Turbidity meter were malfunctioning
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 The highest temperature was observed in the first day (August 23) of sampling with a 
mean value of 30.36 °C.  Salinity values were low in sites 10, 11, 12 and 16 for the three days of 
sampling which are located near the mouth of the Bonnabel Canal. The highest salinity was 
found at the east end of the sampling area.  The lowest DO values were observed at the sites near 
the Bonnabel Pumping Station No. 1.  The lowest conductivities values were reported near the 
mouth of the Bonnabel Canal, which represents mixture of  ‘fresh’ and “brackish” water. The pH 
values were nearly constant, i.e. there is no a significant difference in the values. The highest 
turbidities were found at the mount of the Bonnabel Canal and at the extreme end of the study 
area. Sampling sites located near the mouth of the Bonnabel canal were more affected than that 
those further from the mouth by the pumping drainage system.  
 
 4.2.2.- Pumping Event No. 1: September 3rd  
            For the first pumping event, which occurred on September 3rd, samples were collected 
every 10 minutes for one hour. The fecal coliform counts reported were >1600 MPN/100mL. 
Higher concentrations of nitrogen and suspended solids were observed to coincide with elevated 
FC levels resulting from urban stormwater discharges. The concentrations of N-NO3 were in the 
range (0.13 – 0.22) mg/L, with a mean concentration of 0.17 mg/L.  Ammonia concentrations as 
(N-NH3 ), were between (0.51 – 0.82) mg/L with a mean concentration of 0.62 mg/L.  Salinities 
were in the range of 0.2 ppt - 0.4 ppt which is an indication of mainly urban runoff mixed with a 
small amount of the brackish receiving waters.  Table 4.17 summarize the raw data for Pumping 
Event No 1. 
Table 4.17.- Raw data during Pumping Event No. 1 
      
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
1:01 PM * 0.4 * 0.74 0.84 7.13 * >1600 0.13 0.82 362
1:09 PM * 0.4 * 0.66 0.74 7.20 * >1600 0.15 >0.55 280
1:20 PM * 0.4 * 0.68 0.76 7.18 * >1600 0.16 0.72 173
1:30 PM * 0.3 * 0.49 0.55 7.14 * >1600 0.16 >0.55 247
1:40 PM * 0.2 * 0.41 0.46 7.20 * >1600 0.18 0.53 131
1:50 PM * 0.2 * 0.35 0.39 7.17 * >1600 0.20 0.51 81
2:00 PM * 0.2 * 0.32 0.35 7.20 * >1600 0.22 0.51 108
Min 0.2 0.32 0.35 7.13 1600 0.13 0.51 81
Max 0.4 0.74 0.84 7.20 1600 0.22 0.82 362
Mean 0.3 0.52 0.58 7.17 1600 0.17 0.60 197
Median 0.3 0.49 0.55 7.18 1600 0.16 0.55 173  
       Note: Tulane University data (Fecal Coliform) 
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 4.2.3.- Rain Event & Pumping Event No. 2: October 8th, 11th,12,th,13th & 14th  
                        4.2.3.1.- Microbiological Analysis. 
 The second rain event was an unusual one, because it included multiple rainfall events. 
Samples from the pumping event were taken on October 8th, every 10 minutes for 1 hour 20 
minutes (Figure 4.17).  Shoreline collection took place on the following four days.  For the 
second pumping event which occurred on October 8th, the fecal coliform levels were extremely 
high ranging from 7900 MPN/100mL to > 160,000 MPN/100mL. The log mean for the fecal 
coliform was 43284 MPN/100ml, greatly exceeding the standard of 200 MPN/100ml. Nutrients 
levels were also high compared with background levels. The mean concentration value for N-
NO3 was 0.15 mg/L and 0.68 mg/L for N-NH3.  TSS values were high ranging from 55 mg/L to 
96 mg/L. The minimum recorded value for salinity was 0.6 mg/L and the maximum recorded 
value was 2.2 mg/L, with a mean concentration of 1.27 mg/L.  Salinity, DO and conductivities 
levels decreased with time during pumping (Figure 4.29). Temperature values were between 
25.3°C – 25.8°C. pH values were between 7.63 – 7.86. The highest turbidity value was 57 NTU, 
which indicates that the water had high suspended solids. Figure 4.28  shows the FC counts 
versus the time period during the pumping event. Physico-Chemical parameters for the pumping 
event are summarized in Table 4.18.  
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Figure 4.28.-  FC counts during Pumping Event No.2. 
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 Table 4.18.- Physical - Chemical parameters during Pumping Event No. 2 
          
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
10:35 AM 25.60 2.20 3.75 3.83 3.72 7.63 39.20 14000 0.08 0.52 73
10:45 AM 25.80 2.10 3.34 3.92 3.82 7.77 45.20 7900 0.09 0.85 96
10:55 AM 25.60 1.80 3.13 3.13 3.04 7.86 40.10 13000 0.16 >0.55 91
11:05 AM 25.50 1.30 2.85 2.57 3.54 7.85 57.00 54000 0.11 >0.55 76
11:15 AM 25.40 1.10 2.64 3.14 2.11 7.78 32.00 160000 0.16 0.73 72
11:25 AM 25.40 0.90 2.56 1.81 1.80 7.71 37.00 92000 0.15 >0.55 79
11:35 AM 25.40 0.70 2.44 1.44 1.43 7.72 35.10 54000 0.22 >0.55 68
11:45 AM 25.30 0.70 2.55 1.33 1.33 7.69 34.50 >160000 0.21 1.28 68
11:55 AM 25.50 0.60 2.61 1.16 1.15 7.66 33.30 54000 0.19 >0.55 55
Min 25.30 0.6 2.44 1.16 1.15 7.63 32 7900 0.08 0.52 55
Max 25.80 2.2 3.75 3.92 3.82 7.86 57 160000 0.22 1.28 96
Mean 25.50 1.27 2.87 2.48 2.44 7.74 39.27 67656 0.15 0.68 75
Median 25.50 1.1 2.64 2.57 2.11 7.72 37 54000 0.16 0.55 73
43284 *  
          *Log mean 
           Note: Tulane University data (Fecal coliform)  
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Figure 4.29.- Salinity, DO and Conductivity during Pumping Event No. 2 
 
  The mean and log mean values for fecal coliform during shoreline collection are 
summarize in Table 4.19.   
 
 On the first day of sampling (October 11) after the pumping event, 87.5% of the sites had 
fecal coliform levels high > 1600 MPN/100ml.  This was attributed to the discharge from the 
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drainage canals along the shoreline. The total discharge was 374 million gallons. On the second 
day the counts were still high because of the continuous pumping events. On the third and fourth 
day, the values remained high because pumping continued to take place.  However, the levels of 
fecal coliform tended to decrease a slightly on the third and fourth days.  It is important to 
mention that from the first sampling day through the forth day no rainfall was reported (Figure 
4.17). 
 
 Table 4.19.-  Fecal Coliform values for Rain event No. 2 
      
Site Day 1         October 11, 2004
Day 2         
October 12, 2004
Day 3         
October 13, 2004
Day 4         
October 14, 2004 Mean Log Mean
1 1600 > 1600 1600 > 1600 1600 1600
2 > 1600 > 1600 920 Not sampled 1373 1330
3 > 1600 > 1600 350 > 1600 1288 1094
4 > 1600 > 1600 540 920 1165 1062
5 > 1600 > 1600 > 1600 920 1430 1393
5 duplicate > 1600 1600 > 1600 1600 1600 1600
6 > 1600 540 1600 210 988 734
7 > 1600 1600 > 1600 Not sampled 1600 1600
8 > 1600 > 1600 > 1600 920 1430 1393
9 > 1600 > 1600 540 110 963 624
10 > 1600 > 1600 > 1600 1600 1600 1600
11 1600 > 1600 > 1600 > 1600 1600 1600
12 > 1600 > 1600 > 1600 920 1430 1393
13 1600 > 1600 > 1600 1600 1600 1600
13 duplicate 920 > 1600 Not sampled Not sampled 1260 1213
14 350 1600 1600 920 1118 953
15 540 > 1600 920 350 853 726
16 > 1600 > 1600 > 1600 1600 1600 1600
16 duplicate > 1600 > 1600 > 1600 1600 1600 1600
Mean 1443 1544 1337 1129
Log Mean 1355 1511 1231 923
Fecal Coliform  (MPN/100mL)
 
       Note: Tulane University data  
 
 Comparing these log mean values with those in Rain event No. 1, a remarkable difference 
is noted due to continuous pumping events taking place in Rain Event No. 2.  The concentrations 
of  FC in the sediment for each day are listed in Table 4.20.  
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                        Table 4.20.-Dry Sediment values (Rain event No.2) 
Sample Site Day 1 Day 2 Day 3 Day 4 Mean Log Mean 
5 > 248 26 136 249 137.00 121.56
13 No sampled > 378 No sampled 68 68.00 160.32
16 > 369 > 310 881 > 1702 881.00 643.55
Log Mean 302.51 144.97 346.14 305.35
Fecal Coliform  (MPN/g)
 
   Note: Tulane University data 
 
 The results for the second wet weather sampling surveys are illustrated in  
 Figures (4.30,  4.31, 4.32  and  4.33). 
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 Figure 4.30.- Fecal Coliform counts during Rain Event No.2. Day 1. (October 11,  2004) 
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Figure 4.31.- Fecal Coliform counts during Rain Event No.2. Day 2. (October 12,  2004) 
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Figure 4.32.- Fecal Coliform counts during Rain Event No.2. Day 3. (October 13, 2004) 
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Figure 4.33.- Fecal Coliform counts during Rain Event No.2. Day 4. (October 14, 2004) 
 
  4.2.3.2.- Nutrients and Total Suspended Solids. 
 During rain event No. 2, the mean concentrations for N-NO3 and N-NH3 were 0.07 mg/L 
and 0.14 mg/L respectively.  The highest values were observed near the mouth of the pumping 
station (sites: 12, 13 & 16).  The mean concentration of total suspended solids was 70.75 mg/L. 
The concentration of nutrients and TSS during Rain Event No. 2 were high compared to Rain 
Event No.1. This fact indicates that urban stormwater discharges to this south shore area of the 
lake is an important source of nutrients and solids in addition to pathogens. Table  4.21 shows a 
comparison between the nutrient mean values of Rain Event No.1 and Rain Event No.2. Nutrient 
concentrations are shown in Figures 4.34 through 4.41.  
 
Table  4.21.- Nutrients & TSS  
Rain Event No. 1 Rain Event No. 2
NO3 (mg/L) 0.03 0.07
NH3 (mg/L) 0.05 0.14
TSS (mg/L) 11.85 70.75  
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Figure 4.34.- N-NO3 during Rain Event No.2. Day 1 (October 11, 2004) 
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Figure 4.35.- N-NO3 during Rain Event No.2. Day 2 (October 12, 2004) 
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Figure 4.36.- N-NO3 during Rain Event No.2. Day 3 (October 13, 2004) 
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Figure 4.37.- N-NO3 during Rain Event No.2. Day 4 (October 14, 2004) 
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Figure 4.38.- N-NH3 during Rain Event No.2. Day 1 (October 11, 2004) 
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Figure 4.39.- N-NH3 during Rain Event No.2. Day 2 (October 12, 2004) 
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Figure 4.40.- N-NH3 during Rain Event No.2. Day 3 (October 13, 2004) 
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Figure 4.41.- N-NH3 during Rain Event No.2. Day 4 (October 14, 2004) 
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                         4.2.3.3.- .- Physical – Chemical  Parameters  
 The average values for the Physico-Chemical parameters for Rain Event No. 2 
are summarized in Table 4.22. 
 
Table 4.22- Summary of Physico-Chemical Parameters during Rain Even No.2 
Day 1    Day 2         Day 3    Day 4    Mean
Temperature (°C) 24.23 23.94 22.96 23.05 23.54
Salinity (ppt) 2.79 2.90 2.87 3.64 3.05
DO (mg/L) 6.18 6.45 6.26 6.37 6.31
Cond. (mS/cm) 5.04 5.37 5.06 6.43 5.48
Spec. Cond. (mS/cm) 5.12 5.47 5.28 6.66 5.63
pH 7.83 * 7.73 7.94 7.83
Turbidity (NTU) 32.12 * 63.19 24.23 39.85  
                 * The pH meter and Turbidity meter were malfunctioning. 
  
 The mean temperature value for the first day (October 11) was 24.2 oC.  The following 
three days of sample collection had cooler water temperatures. The lowest salinities were 
observed at the station near the mouth of the canal and the highest were found at the extreme 
ends of the sampling area. The mean value DO for the first day was 6.18 mg/L and the following 
three days of sample collection, the DO values were 6.45, 6.26, and 6.37 mg/L, respectively. 
Conductivities values increased steadily over the sampling period. These values reflect mixing 
with the brackish waters. The lowest conductivities were reported near the mouth of the canal, 
which represents the mixing of the brackish lake water with the ‘fresh’ storm water. The pH 
values were nearly constant. The highest turbidity values occurred at the mouth of the Bonnabel 
Canal and at the extreme ends of the study area. The average turbidity for the second rain event 
was 39.85 NTU, which indicates that the water is definitely not clear. However, the turbidity  did 
not exceeding the criterion of  50 NTU (LDEQ 1999). 
 
 4.2.4.- Rain Event & Pumping Event No. 3: April 6th, 7th, 8th & 9th , 2005
                        4.2.4.1.- Microbiological Analysis.  
 The samples for the third pumping event (April 6) was taken every 30 minutes for 3 
hours, except for the last sample which was taken 40 minutes after the previous one. The total 
samples collected for the pumping period were 7. Shoreline samples collection were taken 
consecutive for three days starting on April 7th  and ending on April 9th  . 
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 The parameter measured during the third experimental phase was E. Coli and Total 
Coliform bacteria (TC). 3MTM PetrifilmTM   was used E. coli/Coliform Count Plates to perform this 
analysis.  To estimate the accuracy of this method, samples were collected at the same site and 
time along with the weekly LPBF monitoring.   LPBF measure FC as an indicator of fecal 
contamination. They used the standard method to perform this analysis.  Figure 4.42 shows the 
raw data from the LPBF and from the alternative method. 
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Figure 4.42.- E. Coli, Fecal coliform and total Coliform raw data  
 
 It was found that 67% of FC values samples were in between E. Coli and Total Coliform 
values, which indicates that the E. coli and Total Coliforms values are consistent with the FC 
values. The data for which FC are not between E. Coli and Total Coliforms counts are the very 
low counts which have high uncertainty. The lowest value that it can be counted is 1 colony in 
1mL using 3M method. In order to verify the colonies in the petrifilm plate duplicates were done 
for each sample, Table 4.23 shows the STDEV of the sample collected. 
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Table 4.23.- STDEV using 3M Method 
E. coli 
(MPN/100mL) STDV
TC 
(MPN/100mL) STDV
167 91 767 226
67 82 700 95
100 84 100 112
50 71 250 71
1250 354 3000 707
50 71 200 0
Mean 281 126 836 202
% STDEV 
variability 45 24  
   
  For the third pumping event which occurred on April 6th, the E. coli & Total coliform 
levels ranged from 1417 MPN/100mL to 71,250 MPN/100mL and 3667 MPN/100mL to 161,250 
MPN/100mL respectively. The log mean for the E. coli was 14,559 MPN/100mL greatly 
exceeding the standards of 126 MPN/100ml (U.S EPA, 1986). Figure 4.43 shows the E. Coli and 
Total Coliforms counts vs. the time period. 
 
  On April 6th, nutrients levels were high .The mean concentration value for N-NO3 was 
0.13 mg/L and 0.66 mg/L for N-NH3.  The minimum recorded value for salinity was 0.1 ppt and 
the maximum recorded value was 0.7 ppt, with a mean concentration of 0.21 ppt. The mean DO 
value was 6.57 mg/L. TSS values were high ranging from 17 mg/L to 287 mg/L.   The maximum 
values for TSS were observed at the beginning of the pumping  Temperature values remained 
almost constant during the pumping event. The mean temperature was 21.1°C.  The raw data for 
Pumping Event No. 3 are summarize in Table 4.24 
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Figure 4.43.-  E. Coli and Total coliform counts during Pumping Event No.3. 
 
 
Table  4.24.- Raw data during Pumping Event No. 3 
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
E. Coli 
(MPN/100mL)
Total 
Coliforms 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
10:10am 20.8 0.70 6.85 1417 3667 0.17 0.39 135
10:40am 21.1 0.30 6.22 6750 22313 0.10 1.10 287
11:10am 21.1 0.10 6.93 33750 75000 0.10 0.66 219
11:40am 21.1 0.10 5.75 27500 67500 0.09 0.58 195
12:10am 21.1 0.10 7.3 28750 101250 0.14 0.68 90
12:40am 21.3 0.10 6.64 71250 161250 0.10 0.60 71
1:20 PM 21.2 0.10 6.3 7625 11125 0.20 0.62 37
Min 20.8 0.10 5.75 1417 3667 0.09 0.39 37
Max 21.3 0.70 7.30 71250 161250 0.20 1.10 287
Mean 21.1 0.21 6.57 25292 63158 0.13 0.66 148
Median 21.1 0.10 6.64 27500 67500 0.10 0.62 135
14559 * 35791 *
14559 35791  
         Note: University of New Orleans (UNO) data  
   
 On the first day of sampling (April 7) after the pumping event, the sample sites had E. 
coli levels high ranging from 275 MPN/100ml to 4375 MPN/100mL.  This is probably due to the 
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discharge from the drainage canals along the shoreline. The total discharge was 336 million 
gallons. On the second day, the MPN/100ml values decreased in all of the sites, but the sites 
were not in compliance with water quality standards. On the third day values had dropped to safe 
levels in most of the parts of the study area. The mean and log mean values for E. coli and Total 
Coliform are summarized in Table 4.25 and Table 4.26 
 
Table 4.25.-  E. coli values for Rain event No. 3 
Site Day 1        April 7, 2005
Day  2       
April 8, 2005
Day 3        
April 9, 2005 Mean
Log 
Mean
1 2138 818 214 1057 721
3 925 379 143 482 368
5 275 182 114 190 179
8 1925 775 148 949 604
11 2375 793 176 1115 692
16 4375 1175 310 1953 1167
13 1012.5 596 171 593 470
14 1300 564 195 687 523
Mean 1791 660 184
Log Mean 1395 585 177
E. Coli (MPN/100mL)
 
  Note: University of New Orleans (UNO) data 
 
Table 4.26.-  Total coliform values for Rain event No. 3 
Site Day 1        April 7, 2005
Day  2       
April 8, 2005
Day 3        
April 9, 2005 Mean
Log 
Mean
1 4325 3746 986 3019 2518
3 3362.5 2050 964 2126 1880
5 1300 2929 657 1629 1358
8 8400 3454 682 4179 2705
11 10625 3889 789 5101 3195
16 18250 5579 1425 8418 5255
13 2750 2668 1079 2165 1993
14 2750 2336 911 1999 1802
Mean 6470 3331 937
Log Mean 4687 3182 910
Total Coliform (MPN/100mL)
 
  Note: University of New Orleans (UNO) data 
 
 For the third Rain event no sediment samples were collected. The results for the third wet 
weather sampling survey are illustrated in Figures 4.44, 4.45 and 4.46 
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 Figure 4.44.- E. Coli during Rain Event No.3. Day 1 (April 7, 2005) 
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Figure 4.45.- E. Coli during Rain Event No.3. Day 2 (April 8, 2005) 
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Figure 4.46.- E. Coli during Rain Event No.3. Day 3 (April 9, 2005) 
 
 It is important to note that samples from the 17st Street Canal (Pumping Station No.6) and 
the Suburban Canal (Pumping Station No.2) were collected for this event. On the day of the 
Pumping Event No.3 (April 6), one sample was collected at the mouth of each of these canals. 
Also, samples were collected on the three following days. Table 4.27 and 4.28 show the raw 
data. 
 
Table 4.27.- Physical – Chemical parameter during , April 6th, 2005 (Pumping Event No.3) 
     
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
E. Coli 
(MPN/100mL)
Total 
Coliforms 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
17th Street Canal 2:00pm 21.1 0.2 6.78 5125 16375 0.15 0.56 65
Suburban Canal 2:30pm 20.0 1.4 6.59 6500 21125 0.31 0.54 17
Pumping 
Event No. 3  
      Note: University of New Orleans (UNO) data 
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Table 4.28.- Raw data. April 6th, 2005 (Pumping Event No.3) 
     
Site Day 1         April 7, 2005
Day  2         
April 8, 2005
Day 3        
April 9, 2005 Mean Log Mean
17th Street Canal 5500 No sampled 171 2836 971
Suburban Canal 100000 2068 696 34255 5242
Suburban Canal 9750 No sampled 790 5270 2776
17th Street Canal 275000 9189 4250 96146 22063
Suburban Canal 0.08 No sampled 0.07 0.08
17th Street Canal 0.32 0.16 0.2 0.23
Suburban Canal 0.2 No sampled 0.24 0.22
17th Street Canal 0.44 0.29 0.6 0.44
Suburban Canal 16 No sampled 12 14.00
17th Street Canal 17 11 3 10.33
Suburban Canal 2.60 No sampled 2.70 2.65
17th Street Canal 0.30 0.50 0.80 0.53
Suburban Canal 20.70 No sampled 22.20 21.45
17th Street Canal 21.60 20.80 23.30 21.90
Suburban Canal 6.25 No sampled 5.55 5.90
17th Street Canal 1.74 2.80 3.07 2.54
TSS          
(mg/L)
Salinity       
(ppt)
Temperature  
( C)
DO          
(mg/L)
E. Coli 
(MPN/100mL)
Total 
Coliform 
N-NO3       
(mg/L)
N-NH3        
(mg/L)
 
      Note: University of New Orleans (UNO) data 
 
             4.2.4.2.- Nutrients and Total Suspended Solids. 
 During rain event No. 3, the mean concentration levels for N-NO3 and N-NH3 were 0.03 
mg/L and 0.09 mg/L respectively.  The highest values were observed at site 16. The mean 
concentration of total suspended solids was 96.6 mg/L. The concentrations of nutrients and TSS 
during Rain Event No. 3 were low compared with the corresponding values in Rain Event No.2. 
Table 4.29 shows nutrients and TSS concentrations for the three days of sampling. Also, nutrient 
concentrations are shown in Figures 4.47 through Figure 4.52. 
 
Table 4.29.- Nutrients & TSS  
Rain Event No. 1 Rain Event No. 2 Rain Event No. 3
NO3 (mg/L) 0.03 0.07 0.03
NH3 (mg/L) 0.05 0.14 0.09
TSS (mg/L) 11.85 70.75 96.63  
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Figure 4.47.- NO3 during Rain Event No.3. Day 1 (April 7, 2005) 
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Figure 4.48.- NO3 during Rain Event No.3. Day 2 (April 8, 2005) 
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Figure 4.49.- NO3 during Rain Event No.3. Day 3 (April 9, 2005) 
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Figure 4.50.- NH3 during Rain Event No.3. Day 1 (April 7, 2005) 
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Figure 4.51.- NO3 during Rain Event No.3. Day 2 (April 8, 2005) 
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Figure 4.52  .- NO3 during Rain Event No.3. Day 3 (April 9, 2005) 
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             4.2.4.3.- .- Physical – Chemical  Parameters  
 The average values for the Physico-Chemical parameters for Rain Event No. 3 
are summarized in Table 4.30. 
 
Table 4.30.- Summary of Physico-Chemical Parameters during Rain Even No.3 
Day 1     Day 2         Day 3     Mean
Temperature (°C) 19.81 20.66 21.53 20.67
Salinity (ppt) 3.13 3.04 3.01 3.06
DO (mg/L) 7.37 7.52 7.77 7.55
Cond. (mS/cm) 5.09 5.12 5.20 5.14
Spec. Cond. (mS/cm) 5.75 5.58 5.57 5.63  
 
 The mean temperature value for the first day (April 7) was 19.8oC.  The water 
temperature increased on the following two days of sample collection. The lowest salinities were 
observed at the sites near the drainage discharge and at the extreme ends of the sampling area. 
DO values at the sampling sites close to the mouth of the canal were more affected than those 
further from the mouth. The mean DO for the first day was 7.37mg/L and the DO values were 
7.52 and 7.77 mg/L, respectively on following two days of sample collection. Conductivities 
increased steadily over the sampling period. The lowest conductivities  near the mouth of the 
canal, which represent mixing of fresh water with brackish lake water.   
 
 4.2.5.-  Summary of Bacteria Contamination for Rain Events 
 Temporal and spatial variations were evident in the sample results. In general, shoreline 
levels for most parameters were high, especially in bacteria and nutrient parameters. Sample 
locations near the mouth of the Bonnabel Canal and at the extreme ends of the study area 
generally exhibited significantly higher levels of measured parameters than all other sites. 
Bacteria counts decreased with time following a pumping event. 
  
 For Rain event No.1 (day 1) high levels of bacteria along the shoreline were observed, 
which is a reasonable behavior especially after a pumping event. The geometric mean was 658 
MPN/100mL. On the second and third day values had dropped to safe levels in most of the sites. 
However, there still some sites with values exceeding the primary contact criterion . The 
geometric means on those days were 129 MPN/100mL and 145 MPN/100mL respectively. 
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 Rain Event No. 2 was irregular with high frequency of rain storms and pumping events 
during the sample days. As a consequence, high levels of bacteria were recorded during the four 
days of sampling. The geometric means on those days were 1366, 1515, 1243 and 943 
(MPN/100mL). A strong relationship among bacteria levels, rainfall and pumping was indicated.  
 
 For rain Event No.3, E. coli values were high on the first day of sampling with a 
geometric mean of 1395 MPN/100mL.  The second day of sampling, the geometric mean was 
585 MPN/100ml.which is still high.  On the third day 75% of the sites had dropped to safe levels 
with a geometric mean of 177 MPN/100mL. 
 
 The Pumping/Rain Event data clearly show an increase in the fecal coliform 
contamination along the shoreline following a pumping event, especially at the mouth of the 
Bonnabel Canal.   
 
4.3.-  Application of Student’s t-test 
 The student’s t-test is the statistical test used to evaluate if two groups are significatively 
different based on their means. This test assumes:  a normal distribution for the populations of 
the random errors and that there is no significant difference between the standard deviations of 
both population samples. The null hypothesis (H0) assumed by the Student’s t-test is that the two 
samples are likely to have come from the same underlying populations that have the same mean, 
(Dixon et al 1969, Kennedy et al 1964),  i.e. that there is, in this case, there is no significant 
difference between the “wet” and “dry” weather datasets and, thus, the water quality indicator is 
not rainfall dependent.  The t-test is used to prove or to discard the null hypothesis of difference. 
  
 There are two types of t-test applications. One is used when the variances of the two 
samples are not equal and the other is when the variances of the two samples are equal, these are 
called heteroscedastic t-test and homoscedastis t-test respectively.  In order to know the proper 
selection of the type of t-test to be used, another statistical tool called F-test can be used prior to 
application of the t-test.  The F-test indicates whether or not the sample variances are 
significantly different. 
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 The F distribution is used to test the hypothesis that the variances of two normally 
distributed populations have equal means and are thus not significantly different. To test this 
hypothesis the procedure is to compare the F tabulated value with the F experimental value.  
 
 If the F experimental value is less than the tabulated, the hypothesis is accepted, so there 
is no significantly different. The F experimental is calculated taking a random sample from each 
population and computing the ratio of the sample variances, F = S12 /S22. The F tabulated value is 
obtaining from tables given in statistics books or is returned by programs such as Excel and 
Statistics. These tables must be entered with three values: the appropriated percentage level, the 
number of degree of freedom in the numerator and the number of freedom in the denominator. 
The number of degrees of freedom in the numerator of the F ratio is at the top of the table and 
the number of degrees of freedom in the denominator is in the left-hand column.  
 
 For this research, the homoscedastis t-test was used to calculate the t-value according to 
the results of the F-test for the case of Fecal Coliform, NH3-N and Temperature. For two samples 
with equal variances the statistic texp (experimental value of t) is calculated according to Equation 
4.1.  
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 Where: 
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 The heteroscedastic t-test was used to calculate the t-value according to the results of the 
F-test for the case of NO3-N and Salinity. For two samples with unequal variances the statistic 
texp (experimental value of t) is calculated according to Equation 4.4.  
 
( )
2
2
2
1
2
1
21
exp
N
S  
N
 X - X
t
+
=
S
                                                           (4.4) 
 
( ) ( )
1
2/
1
/
2
22
2
1
2
1
2
1
2
2
2
2
1
2
1
−+−
⎟⎟⎠
⎞
⎜⎜⎝
⎛ +
=
N
NS
N
NS
N
S
N
S
d f                                                 (4.5) 
  
 The texp value is compared with the critical (theoretical) tth value corresponding to the 
given degrees of freedom (df) and the confidence level chosen. Tables of critical t values can be 
found in any book of statistical analysis, as well as in many quantitative analysis textbooks. If 
texp> tth then the H0 is rejected else H0 is retained.  
 
 The averages and standard deviations for all “dry weather” and “wet weather” data set 
and the probability returned by t-test for each parameter are listed in Table 4.31. 
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Table 4.31.- Results of Statistical Comparison of all “Backgrounds” and “Rain Events” 
 data for the Water Quality Study 
 
      
Avg. STDEV °Freedom 0.05 0.1 t-test H0
Dry Weather 2.38 2.62
Wet Weather 3.72 4.33
Dry Weather 0.03 0.04
Wet Weather 0.07 0.08
Dry Weather 0.03 0.03
Wet Weather 0.18 0.24
Dry Weather 3.30 0.38
Wet Weather 2.95 1.06
Dry Weather 29.98 1.65
Wet Weather 25.28 3.57 10.71
t > P → H0 rejectedTemperature 223 1.967 1.651
3.86 t > P → H0 rejected
NH3-N 217
Salinity 246 1.970 1.651
1.971 1.652
2.33 t > P → H0 rejected           
3.96 t > P → H0 rejected           
4.86 t > P → H0 rejected
NO3-N 217 1.971 1.652
Log (FC) 212 1.967 1.651
Probability (P) 
 
 
 The null hypothesis is rejected at 5 and10 percent level of significance for the all cases. 
Therefore, there is a significant difference between the “wet” and “dry” weather datasets.  There 
is a strong correlation between significant rainfall/pumping events and the presence of fecal 
coliform bacteria along the shoreline.  
 
  4.4.- Bacteria Probability plots 
 Fecal Coliform probability plots were created as a tool to estimate how often a given 
bacteria count can be expected to be exceeded the allowed level by the LDEQ for primary 
contact recreation (200 MPN/100mL) at the shoreline study area and at the mouth of the 
Bonnabel canal. This plot gives an estimate of the chance that a given bacteria level will occur 
within the study area at any given time regardless of weather conditions.  
 
  Figure 4.53 shows the probability of exceedance for the complete set of bacteria data 
presented in this report (dry and wet weather conditions). It indicates that there is a 67% of 
exceedance.  
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Figure 4.53.-  Probability of Exceedance Plot for FC Levels in all Weather Conditions 
 
 
 
 
 Figures 4.54 and 4.55 are the probability of exceedance plots under dry and wet 
weather conditions, respectively. They show a 27% and 84% probability of exceeding the 
maximum of 200 MPN/100mL allowed by the LDEQ, for dry and wet weather 
respectively. 
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4.54.-  Probability of Exceedance Plot for FC Levels under Dry Weather Conditions 
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4.55.-  Probability of Exceedance Plot for FC Levels under Wet Weather Conditions 
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 There is a high probability of exceedance (78%) at the mouth of the Bonnabel Canal for 
all weathers conditions.  For dry weather and wet weather the probability of exceedance are 23% 
and 95%, respectively.   The probability bacteria plots are illustrated in Figures 4.56, 4.57 & 
4.58. 
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4.56.-  Probability of Exceedance Plot for FC Levels at the mouth of Bonnabel Canal  
for all Weather Conditions 
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4.57.-  Probability of Exceedance Plot for FC Levels at the mouth of Bonnabel Canal  
for Dry Weather Conditions 
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4..58.-  Probability of Exceedance Plot for FC Levels at the mouth of Bonnabel Canal  
for Wet Weather Conditions 
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   The results of both analysis stated above (Student’s t-test & Bacteria Probability Plot) 
could be affected by the fact that the highest reported Fecal Coliform counts in Rain Event No. 2 
and Pumping Event No.1 were limited to 1600 MPN /100mL while other outfall data indicate 
that the maximum count could be two orders of magnitude higher.. The highest repetitive value 
reported at sites 1 to 16 was >1600MPN/100mL, which does not reveal the real counts of the 
bacteria along the shoreline. For Pumping and Rain Event No.3, E. Coli and Total Coliforms 
were measured and FC was estimated.. In order to consider this event for the statistical analysis, 
the median ratio between FC and TC was used to convert TC to FC.  Since it was actual FC 
counts that were reported for Pumping Event No. 2, these data were used along with dataset 
reported for Rain Event No.3 to estimate a relationship between FC and TC. The factor used to 
convert Total Coliform to Fecal Coliform was 0.8 (0.8 is the median ratio between FC values 
from Pumping Event No. 2 and TC values from Pumping Event No.3, 54000 and 67500 
MPN/100mL).   
 
 Lake Pontchartrain Basin Foundation monitors weekly for fecal coliform and E.coli in 
ten historical recreational sites (Laketown, Bonnabel Boat Launch, Old Beach Bayou St. John, 
Pontchartrain Beach, Lincoln Beach, Bogue Falaya Park, Tchefuncte Boat launch, Bayou 
Castine, Fountainbleau Beach and Northshore Beach). The results from this testing are posted on 
the LPBF’s website weekly (www.saveourlake.org) . One of these sites is located at the 
Bonnabel Boat Launch at the fishing pier, which is one of the sampling sites of this research (site 
5).  Data from this site were supplied to us by LPBF. The data covers a period from January, 
2001 to December, 2004.  These data were used to analyze how often the FC bacteria count can 
be expected to be exceed the LDEQ criterion for  primary contact recreation (200 MPN/100mL) 
at this specific site. Figure 4.59 shows the probability of exceedance for the complete period 
(2001-2004) and also shows the probability of exceedance for the primary and secondary contact 
period. 
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4.59.-  Probability of Exceedance Plot for FC Levels at  Bonnabel Boat Launch (fishing pier)   
For all Weather Conditions (2001 – 2004). LPBF data 
 
 There was 28% exceedance during the defined recreational period of May 1 through 
October 31. This percentage exceedance was compared with UNO’s results Figure 4.60), 
obtaining 46% exceedance at site 5 within the sample period (May 28, 2004 – April 9, 2005). 
This difference could be attributed to the fact that the UNO data were based towards higher 
counts because the study designed to select rainfall and pumping storm events compared LPBF 
data which more representative of the actual wet-dry conditions in the study area.  
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4.60.-  Probability of Exceedance Plot for FC Levels at  Bonnabel Boat Launch (fishing pier)   
For all Weather Conditions (May, 2004 – April, 2005). UNO data 
 
 
 
4.5.-  Quality Assurance/Quality Control 
 All samples collected and submitted to the Tulane Microbiological Lab for testing were 
analyzed by testing methods approved by appropriate accrediting authorities including the 
following:  Louisiana Department of Health and Hospitals-Office of Public Health (LA DHH-
OPH), Louisiana Department of Environmental Quality (LA DEQ), United States Environmental 
Protection Agency (USEPA), US Food and Drug Administration (USFDA) and/or National 
Environmental Laboratory Accreditation Program (NELAP).  Standard, approved analytical 
procedures were followed to ensure that data were representative, complete and of acceptable 
precision, accuracy, sensitivity and specificity.  QA/QC was maintained on a continual basis 
(Englande et al., 2005). 
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CHAPTER 5 
MODEL DEVELOPMENT 
 
 
 One of the objectives of this study is to develop a predictive model to simulate the runoff 
plume and bacteria distribution from Jefferson Parish drainage Canals including the Bonnabel 
Canal.  COHERENS (A Coupled and Hydrodynamical-Ecological Model for Regional and Shelf 
Seas) was used in this study to asses the hydrodynamics (Luyten et al. 1999). The first time that 
this model was used in Lake Pontchartrain was in 2004 (Leal et al. 2004). It was used for the 
prediction of contaminant plumes from the Tchefuncte River into the Lake Pontchartrain. The 
model verified that the wet weather effect lasted for approximately 2 or 3 days after a high storm 
water discharge at the mouth of the river (Chapter 2). 
  
5.1. Hydrodynamic and Transport 
  COHERENS is an open source three-dimensional hydrodynamic multi-purpose model for 
coastal and sea shelfs and is coupled to biological, resuspension and contaminant models. 
Important advantages of the model are its transparency due to its modular structure and its 
flexibility of selecting different processes, specific schemes or different types of forcing for a 
particular application. A feature of COHERENS is that the time step and the horizontal and 
vertical resolution can be defined by the user in relation to the relevant time scale and the 
horizontal and vertical length scales which are imposed mainly by the physical forcing 
conditions.  Different forms of open sea or river boundary conditions can be chosen depending 
on the application or available input data.  
  
 The equations of temperature and salinity represent scalar transport equations of the 
advection-diffusion type. A whole series of scalar quantities are defined in the program for 
which a similar transport equation must be solved. These quantities may represent temperature, 
salinity, turbulence variables, biological state variables, sediment or contaminant concentrations. 
 
 COHERENS does not have an option to simulate the decay of the contaminants. To 
determine the fate of pathogens in the lake water, the following equations were used to simulate 
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the dilution and decay effects of the fecal coliform. These equations were applied during the post 
processing of the salinity transport data generated by the model.  
 
( ) t-kcanal eRFCFC *max ××=                                                 (5.1) 
 
where FCmax is the corrected concentration of Fecal Coliform (MPN/100 ml) after decay, FCcanal  
is the maximum counts of FC at the mouth of the canal, k = 0.07 hr-1decay rate (Englande et al, 
2005), t (hr) is the time interval, R is the reciprocal dilution, which is calculated by the following 
equation. 
 
                                                      
canalback
localback
CC
CC
S
R −==
 - 1
0
                                                        (5.2) 
 
Where So is the  dilution, Cback  is the salinity during background surveys, Clocal  is the salinity in 
the local point, Ccanal  is the salinity at the mouth of the canal. 
 
 
5.2. Computational Grid. 
 The model was applied to a nearshore portion of Lake Pontchartrain located along the 
south shore of the Lake in Jefferson  Parish . The area covers the receiving waters for the 
stormwater discharges from Bonnabel Canal, 17th Street Canal to the east and Suburban Canal to 
the west. The computational grid used to define the study area is composed by 105 cells along 
west to east and 38 cells along north to south. The horizontal resolution is 60 m and the vertical 
resolution has 5 vertical layers with thicknesses determined by a uniformly distributed sigma 
coordinate transformation. Actual bathymetry was used through out the basin. The basin has a 
length of 6.3 km. The computational grid is shown in Figure 5.1  
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Figure 5.1, Computational grid for COHERENS (Each grid has ∆x = 60 m and ∆y = 60 m) 
 
 
 
5.3.- Boundary Conditions 
 The program offers the choice between different kinds of open boundary conditions. For 
the 2-D mode are based upon the method of Riemann characteristics. The depth – integrated 
current is determined as the average of the outgoing and incoming Riemann variables. The 
modeling system for the lake at the south shore simulates the evolution of the tidally modulated 
drainage plume, using actual depths and no wind or waves forcing. 
 
  The computational grid has a coastal (solid) boundary in the south, and three open sea 
boundaries. Tidal forcing is imposed in the form of a frictionless Kelvin wave entering at the 
eastern and western boundaries. The incoming Riemman variable, specified at the eastern and 
western boundaries, then takes the form: 
 
                    tcAecFcUR cfxhar 2
/ cos22 2 ωζ −+ ==+=                                      (5.3) 
 
The Coriolis frequency (f) is evaluated at altitude (Φ) of 30°, where: 
U is the depth integrated alongshore current (3m) 
c is the celerity given by Ugc ×=  
ζ is the surface elevation 
 φsin2Ω=f   
 100
 86164/2π=Ω  
 2ω is the M2 tidal frequency 
A = 0.07 m 
2ω = 6.67E-5 (radians) 
 
  The amplitude  of the harmonic function FcfxAe /2− har is applied in the model since Lake 
Pontchartrain tide is diurnal (one tidal cycle daily). 
 
  A zero normal gradient condition is selected at the northern boundary, i.e 
 
( ) ( ) 0   and   0
21
=−∂
∂=−∂
∂ ζζ cVcU
XX
                                              (5.4) 
 
 The latter condition is justified by the fact that the width of the basin is much smaller 
than the external Rossby radius c/f. 
 
 Since the value of ζ is unknown at the mouth of the canals, the open boundary condition 
at the inlet is no longer defined in terms of the incoming Riemann variable but by specifying the 
cross-shore component of the depth integrated current. This is given as the sum of a residual 
value, representing the river discharge, and a tidal component. 
 
( )rrdhar tHAWQcFV ϕω −+== cos/                                  (5.5) 
 
where Qd   is the canal discharge in m3/s; W = 60 m is the width of the inlet and Ar= 0.03 m/s is 
the amplitude of the tidal current at the mouth of the canal. 
 
5.4. Modeling Results and Analysis 
 The near-field model was used to simulate the first and third pumping/rain event along 
the shoreline under tide conditions. 
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 5.4.1.- Pumping/Rain Event No. 1: 
  The average pumping event is defined by duration of 3 hours with variable discharge 
flow rate from each of the three canals.  Appendix D shows the flow rates from each of the 
canals used in the simulation. The total volume pumped from each canal was 206,185,321 
gallons.  The FC source concentration at the canals was 60,000 MPN/100 mL for this simulation. 
The model was run for four days, which includes the day of pumping and three days after the 
pumping event. The model-predicted plume migration patterns along the shoreline. Figure 5.2 
illustrates how the shoreline is affected by a pumping discharge. 
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Figure 5.2. Simulation of FC Plume during a Pumping Event  
 
 It can be observed the high concentrations that urban run-off brings to the shoreline. 
Table 5.1 shows the FC concentration during the three days previous to a drainage discharge 
predicted by the model and those measured in the field. The response of the plumes is not forced 
by winds; it is forced by the lake tides and the flows of the canals. From the simulation is 
observed that on Day 1 the plume is diffused in the lake water and is expanded more in east – 
west direction than towards north at Bonnabel Canal. Based on the simulation the log mean on 
the first day along the shoreline was 8644 MPN/100mL . On the second day FC log mean 
concentration is around 1751 MPN/100 ml.  On the third day the log mean based on the 
simulation is 302 MPN/100mL. This indicates that the bacteria die-off in this area is lower than 
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expected. Other source probably is affecting the shoreline water quality in Jefferson Parish.  At 
the end of Day 3 the area returned to background levels, which indicate that the water quality is 
under the limit value for primary contact on the fourth day previous a pumping/rain event. Figure 
5.3 shows the Fecal Coliform concentrations predicted by the model.  
 
 
Table 5.1.- Fecal Coliform Concentrations 
Model vs. Field (Pumping/Rain Event No. 1) 
 
Station Day 1 (Model) Day 1 (Field)
Day 2 
(Model)
Day 2 
(Field)
Day 3 
(model)
Day 3 
(Field)
1 11663 1600 2086 240 487 >1600
2 6906 540 1292 49 270 23
3 7421 240 1548 13 256 49
4 7956 1600 1532 23 256 49
5 6959 30 1495 18 234 23
6 5303 110 1464 350 242 70
7 6821 920 1702 64 273 350
8 11222 >1600 1770 33 241 540
9 12429 1600 2312 49 427 350
10 15405 >1600 3273 49 578 540
11 17909 >1600 3055 1600 625 79
12 11662 >1600 1755 920 298 79
13 4476 920 1053 355 149 730
14 4343 >1600 1094 170 168 110
15 6325 540 1533 110 216 79
16 14720 >1600 2583 >1600 616 240
Mean 9470 >1106 1847 >353 334 >307
Log Mean 8644 >764 1751 >120 302 >174
Fecal coliform (MPN/100mL)
 
 
 
 
 
 
 
 
 
 
 
 103
  
 
 
 
 
 
 
i
j
50 100
10
20
30
40
50
60
70
80
90
decayV11
60000
36158
21791
13132
7914
4769
2874
1732
1044
629
379
228
138
83
50
DAY 1
Fecal Coliform (MPN/100mL)
i
j
50 100
10
20
30
40
50
60
70
80
90
decayV11
60000
36158
21791
13132
7914
4769
2874
1732
1044
629
379
228
138
83
50
DAY 2
Fecal Coliform (MPN/100mL)
DAY 1 DAY 2
j j
i
j
50 100
10
20
30
40
50
60
70
80
90
decayV11
60000
36158
21791
13132
7914
4769
2874
1732
1044
629
379
228
138
83
50
DAY 3
Fecal Coliform (MPN/100mL)
i
j
50 100
10
20
30
40
50
60
70
80
90
decayV11
60000
36158
21791
13132
7914
4769
2874
1732
1044
629
379
228
138
83
50
At the end of Day 3
Fecal Coliform (MPN/100mL)
DAY 3 DAY 3 (end of the day)
j j
j jj
j jj j
j
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3: Fecal Coliform Plume Behavior during 4 day simulation 
  
 
 Barriers play an important role regarding to the plume behavior. It can be noticed on 
Figure 5.3 that the plume coming from Suburban Canal tends to the east direction evading water 
goes to the west side of the shoreline. The same case happens on 17th Street Canal, where the 
plume tend to travel to the east but then returns to the west due to a barrier  imposed in this site. 
 
 Forcing the average observed Fecal Coliform concentration at the mouth of canals  
(60,000 MPN/100 ml) in the model; it was observed that the levels in lake waters were always 
above the maximum allowed by LDEQ (200 MPN/100mL), during the three days of simulation, 
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but at the end of Day 3, counts had returned to save values, so the water at the shoreline is under 
the LDEQ for primary contact on the fourth day.  
 
 Although the model over predicts FC counts in some of the sites along the shoreline 
compared with the field data, FC concentrations are reasonable. The model verifies the three to 
four-day wet weather effect of stormwater discharges along the shoreline of the study area.  
 
 5.4.2.- Pumping/Rain Event No. 3 
 The average pumping event is defined by duration of 3 hours 10 minutes with variable 
discharge flow rate from each of the three canals. Appendix D shows the flow rates from each of 
the canals used in the simulation. The total volume pumped from each canal was 335,926,814 
gallons.  The Total Coliform source concentration at the canals was 60,000 MPN/100 mL for this 
simulation. The model was run for four days, which includes the day of pumping and three days 
after the pumping event. The model-predicted plume migration patterns along the shoreline. 
Table 5.2 shows the Total Coliform concentration during the three days previous to a drainage 
discharge predicted by the model and those measured in the field. 
 
Table 5.2.- Fecal Coliform Concentrations 
Model vs. Field (Pumping/Rain Event No. 3) 
 
Station Day 1 (Model)
Day 1 
(Field)
Day 2 
(Model)
Day 2 
(Field)
Day 3 
(model)
Day 3 
(Field)
1 11316 4325 2618 3746 465 986
3 11907 3362.5 1640 2050 256 964
5 8993 1300 1572 2929 236 657
8 10008 8400 1627 3454 255 682
11 19258 10625 3210 3889 616 789
13 8693 2750 1056 2668 148 1079
14 8565 2750 1106 2336 168 911
16 18307 18250 3093 5579 658 1425
Mean 12131 6470 1990 3331 350 937
Log Mean 11557 4687 1833 3182 304 910
Total  Coliform (MPN/100mL)
 
 
 The model verifies the three to four-day wet weather effect of stormwater discharges 
along the shoreline of the study area. 
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CHAPTER 6 
DISCUSSION 
 
 As indicated in Table 4.2, Fecal Coliform levels for background surveys were above the 
logarithmic mean recommended limit of 200 MPN/100 ml for multiple samples at three 
sampling stations (1, 9 and 14). This indicates that these sites are probably not suitable for 
primary contact. However, there are twelve (13) stations (2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 15, 
and 16  at which counts are below the recommended criteria for primary contact activities. These 
sites could be considered for future swimming areas during dry weather conditions.  
 
 It was determined that bacteria levels are significantly affected by the intensity of the 
storm resulting in urban runoff discharge. During pumping events Fecal Coliforms 
concentrations were in a range of 2900 up to 160,000 MPN/100mL. The days after pumping 
event, counts tend to decrease gradually to backgrounds conditions. However, Fecal Coliform 
concentrations for Rain Event No. 1, showed on the third day higher levels than on the second 
day. It was verified no pumping events occurred the day previous to the collection samples on 
the third day. This indicates that other sources may be affecting the area, such as animals 
dropping, resuspension of sediments due to wind waves and boaters. During Rain Event 1 
stations 1, 7, 8, 9, 10, 11, 12, 13, 14 and 16 were above the logarithmic mean recommended limit 
of 200 MPN/mL. 
 
 Rain Event No. 2 was unusual, because it included multiple rainfall events during the 
days of sampling. Due to this complication Fecal Coliform counts were high. The Tulane 
Laboratory limited the dilution so that high counts were only recorded as >1600MPN/100mL at 
all stations. The FC log mean of 200 MPN/mL was exceeded at all stations during rain Event 2.  
A gradually decrease of bacteria counts was observed during Rain Event No.3, for both E. Coli 
and Total Coliforms, the lowest contamination levels were seen three days after the pumping/rain 
event. 
  
 Log average graphs were made for each Rain Event in order to predict bacteria 
concentrations within three days after a pumping event. Figure 6.1 and Figure 6.2 show the 
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behavior of the log mean bacteria of the data from all stations for each sampling day following 
Rain Event No. 1 and Rain Event No.2, respectively.  The rate constants that are indicated 
represent the rate of decline of FC by all mechanisms including die-off, dilution and the effects 
of other sources such as boaters. The rates are lower than the laboratory die-off based on the 
Tulane University die-off studies. During Rain Event No. 2 there were intermittent inputs during 
the sampling program so that the slope of the curve is affected by this input. As discussed earlier 
Figure 6.1 supports the hypothesis that there are non-pumping sources that affect the some sites 
along the study reach. Figure 6.3 illustrated the gradually decay of the bacteria within three days 
follows a pumping event, but the rate of die-off is relatively low. These charts can be used as a 
guide to the rate of recovery after a pumping event.  
           
y = -0.3285x + 12559
R2 = 0.6921
0
0.5
1
1.5
2
2.5
3
08/22/04 08/23/04 08/24/04 08/25/04 08/26/04
Days of Sampling Collection
Fe
ca
l C
ol
ifo
rm
 L
og
 V
al
ue
 (M
PN
/1
00
m
L)
 
Figure 6.1.- Fecal Coliform Bacteria as a Function of Time 
(Rain Event No.1) 
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Figure 6.2.- Fecal Coliform Bacteria as a Function of Time 
(Rain Event No.2) 
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Figure 6.3.- Fecal Coliform Bacteria as a Function of Time 
(Rain Event No.3) 
 
 During background surveys, nutrients were low, as indicated in Chapter 4, the mean 
concentration level were 0.03 mg/L for both (N-NO3 and N-NH3), but during pumping events the 
nutrient concentrations increased due to stormwater runoff, which may be due to waste water 
cross-flows, atmospheric deposition (Wang 2003), fertilizers from lawns, waste products from 
wildlife and domestic pets, inappropriate connections and illegal discharges by boaters. 
Measured N-NO3  ranged from 0.08 – 0.17 mg/L and N-NH3  ranged from 0.51 – 1.28 mg/L.  
Wang (2003) founds that rainfall could contribute  0.1 to 0.5 mg/L of N-NO3 and similar 
concentrations of N-NH3; however, the concentration decreased as the amount of rain increased. 
The high N-NH3 in the pumped storm water suggests that the origin of the contamination is from 
sanitary sewer cross-flows rather than from the natural occurrence of N-NH3 the rain. In the days 
following a pumping/rain event the highest nutrients concentration were found at the stations 
near to the bridge and at the end extreme ends of the study area (sites: 1, 5, 11, 12, 13, 15 and 
16). These sites are near pumping stations. 
 Under dry weather conditions the minimum recorded DO was 2.75 mg/L and the 
maximum recorded value was 6.56 mg/L, with a mean concentration of 5.07 mg/L.  Water 
Quality Index was calculated (Table 4.7) as an indicator of general water quality over the period 
sampling  period.  The Water Quality Index can give an indication of the health of the water 
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along the shore at various points and can be used to track changes over time. Table 6.1 shows the 
WQI scale.  
Table 6.1.- Water Quality Index Scale (NSF, The Public health of Safety Company) 
91 - 100 Excellent water quality
71 - 90 Good water quality
51 - 70 Medium or average water quality
26 - 50 Fair water quality
0 - 25 Poor Water Quality
Water Quality Index (WQI) Scale
 
 Based on Table 6.1, the water quality of the study area could be classified based on the 
data presented in this report as shown in Table 6.2. Sites 5, 9, 10, 12 and 16 have  medium water 
quality. Most of the degraded sites are near the Bonnabel pumping station or boat launch.  
Table 6.2.- Water Quality Classification on the Study Area based on Dry/Non-Pumping Periods 
Station WQI Classification
15 91 Excellent
2 89
7 80
8 79
3 78
11 78
14 78
1 76
6 76
13 73
4 72
5 64
10 64
16 53
12 52
9 51
Good
Medium
 
  
 A student’s t-test analysis was performed to determine if the bacteria, salinity, nutrients 
and temperature measured in the study area are dependent upon significant rainfall events. The 
results are presented in Table 4.31. The test results for all the parameters show weather 
dependency along the shoreline for bacteria and other water quality parameters. 
 109
 A bacteria probability plot for all weather conditions (Figure 4.53) was generated using 
all of the fecal coliform data presented in this report. It indicates a 67% probability that a sample 
for bacteria will the criterion (200MPN/100mL). Two additional bacteria probability plots were 
generated (Figure 4.54 and 4.55) using the “dry weather” and “wet weather” bacteria data sets. 
Figure 4.54, suggests that the probability of occurrence of a fecal coliform bacteria count greater 
than 200 MPN/100mL under “dry weather” conditions is approximately 27% along the 
shoreline. Figure 4.53, suggests that the probability of occurrence of a fecal coliform bacteria 
count greater than 200 MPN/100mL under “wet weather” conditions is approximately 84% along 
the shoreline. These results suggest that the bacteria levels that unsafe for primary recreation can 
be expected to be present within three days of a significant storm event.  
 
 Based on limited data, it is difficult to verified the model predictions with the field data. 
However, field observations for Fecal Coliforms in storm water outfall plumes indicate that the 
model predicted FC concentrations are reasonable. The model verified that  jetties have an effect 
in the plume behavior, e.g. the curved jetty at the Suburban Canal cause the plume to became 
shore bound for all simulations.  Field studies and model simulations of pump events have shown 
that the decay and dilution processes typically occurring in these waters generally reduce 
pathogens in the storm water effluent to safe levels after a period of two to three days. In this 
specific case it was found that the decay processes was slower. Safe conditions along the 
shoreline are reached at the end of Day 3. This result is in good agreement what it was found in 
the field data.     
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CHAPTER 7 
CONCLUSION AND RECOMMENDATIONS 
 
7.1.-Conclusions 
 - The results of the background surveys indicate that fecal coliform values exceed the 
logarithmic mean recommended limit of 200 MPN/100 ml for multiple samples at three stations 
1, 9 and 14 (station 1 is near 17th Street Canal, station 9 is in the Boat Launch and station 14 is 
near Suburban Canal). This shows that even under dry conditions, shoreline sites exhibit elevated 
fecal bacteria counts and thus are probably not suitable for primary contact. However, the lowest 
incidence of unsafe conditions occurs at stations 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13 and 15. These 
sites could be considered for future swimming areas, based on the data presented in this report. 
 
 - Rainfall run-off from storm drains greatly increases the Fecal Coliform levels at the 
mouth of the Bonnabel Canal. During the pumping events, FC values ranged from 2900 up to 
160,000 MPN/100mL. Fecal Coliform counts tend to decrease to safe levels during three to four 
days after a pumping/rain event. However, it is difficult to make any conclusions based on 
limited data and rainfall alone. There are many factors that play a role in the bacterial 
contamination at the mouth of the canal.  These include, but are not limited to, rainfall intensity, 
canal flow, wind direction and speed, water temperature and sediment resuspension. 
 
  - During the third day of sampling for Rain Event 1, the best sites which were under the 
limit of 400 MPN/100ml for a single criteria were sites 2, 3, 4, 5, 6, 11, 12 and 15. During Rain 
Event 2 all sites presented high counts of fecal coliform due to continuous pumping. The last day 
of sampling for Rain Event 3 it was found to be not in compliance with State regulations for safe 
recreational use. This indicates that there is another source affecting the bacteria counts in this 
area. Therefore, based on the field results it can be said that the die-off is lower compared with 
previous studies. 
 
 - Recreational activities adjacent to urban drainage canals should be avoided for at least 
three days following a significant storm event in the area of study. 
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 - Nutrients (N-NO3 and N-NH3 ) measured during the shoreline study were low with a 
mean value of 0.03 mg/L for the background surveys. During wet weather conditions nutrients 
levels increase due to stormwater runoff compared with the background values. The mean values 
for N-NO3 and N-NH3 during pump events were 0.15 and 0.76 mg/L, respectively. After a storm 
runoff, nutrients go back to background levels in 2-3 days. 
 
 - The student’s t-test results show a significant difference in the wet and dry weather 
concentrations along the shoreline for the bacteria, salinity, nutrients and temperature at 5 and 10 
percent level of significance. 
  
 - The frequency analysis indicates a 27% and 84% of probability of exceeding the 
maximum allowed by the LDEQ for primary contact recreation (200 MPN/100mL) during dry 
and wet weather conditions respectively. 
 
 - Low values of DO (less than 4 mg/L) were found at five stations (1, 9, 12, 14 & 16) 
during background surveys indicating the low-quality water at these sites. A WQI analysis was 
performed based on DO values. The results showed medium water quality at sites 5, 9, 10, 12 
and 16. 
 
 - The COHERENCE model performs well in predicting FC plumes resulting from the 
storm water discharges at the southshore area of Lake Pontchartrain (at the mouth of Bonnabel, 
Suburban and 17th Street Canals). Field observations for Fecal Coliforms in storm water outfall 
plumes indicate that the model predicted the correct levels of FC due to pumping events. The 
response of the plumes is forced by the lake tides and the flow of the canals. The model verifies 
three days wet weather effect of storm water discharges along the shoreline of the study area. 
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7.2.- Recommendations 
 To improve pathogen modeling and field data several recommendations should be 
considered: 
 
 1.- More field data are required for both dry and wet weather conditions. Dry weather 
field data are necessary to verify the elevated fecal bacteria counts in certain areas. For wet 
weather extreme values of fecal coliform should be reported to permit more accurate load 
estimates. 
 
 2.- In order to use the (3MTM PetrifilmTM) method for pathogen indicators in future studies 
more field data should be taken and the results should be compared with the standard method. 
 
 3.- Bacteria contamination of the nearshore waters could be reduced by constructing 
walls or jetties perpendicular to the shoreline of the drainage canal outlets, to extend the source 
farther offshore or by pre-treating the water before dumping it into the lake. 
 
 4.- More model development is required to incorporate the resuspension of bacteria that 
are resident in the sediment. This requires that wind and waves be added to the COHERENCE 
model as well as the implementation of a sediment transport model. 
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Table A1.- Fecal Coliform raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 13 920 920 540
2 4.5 Not sampled 920 7.8
3 13 13 22 2
4 110 79 46 79
5 2 22 11 17
5 duplicate >2 33 4.5 2
6 7.8 70 240 33
7 23 22 33 280
8 2 33 49 170
9 540 70 >1600 70
10 23 350 0 7.8
11 130 79 49 170
12 79 49 920 70
13 33 2 140 350
13 duplicate Not sampled Not sampled 240 220
14 79 33 540 >1600
15 13 Not sampled 350 1600
16 79 23 490 21
16 duplicate 33 79 1600 33
Fecal Coliform (MPN/100ml)
 
                Not sampled = the situation became unsafe for continuing sampling. 
 
Table A2.- Nutrient (N-NO3) raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 0.03 0.32 0.03 0.03
2 0.03 Not sampled 0.03 0.03
3 0.03 0.03 0.04 0.03
4 0.04 0.02 0.03 0.01
5 0.03 0.03 0.02 0.03
6 0.03 0.03 0.02 0.03
7 0.03 0.04 0.03 0.03
8 0.04 0.03 0.03 0.03
9 0.03 0.05 0.03 0.05
10 0.03 0.03 0.02 0.03
11 0.03 0.02 0.03 0.02
12 0.02 0.03 0.02 0.05
13 0.02 0.02 0.03 0.02
14 0.02 0.03 0.03 0.04
15 0.04 Not sampled 0.03 0.02
16 0.03 0.02 0.05 0.02
N-NO3 (mg/l)
 
                Not sampled = the situation became unsafe for continuing sampling. 
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    Table A3.- Nutrient (N-NH3) raw data 
       
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 0.01 0.17 0.01 0.01
2 0.00 Not sampled 0.03 0.02
3 0.00 0.02 0.05 0.03
4 0.02 0.05 0.04 0.02
5 0.00 0.02 0.01 0.01
6 0.00 0.02 0.03 0.03
7 0.01 0.04 0.03 0.02
8 0.02 0.02 0.03 0.04
9 0.01 0.03 0.03 0.10
10 0.02 0.03 0.05 0.03
11 0.05 0.02 0.01 0.01
12 0.03 0.04 0.08 0.05
13 0.02 0.01 0.02 0.00
14 0.04 0.02 0.01 0.00
15 0.01 Not sampled 0.02 0.01
16 0.02 0.02 0.03 0.01
N-NH3 (mg/l)
 
                  Not sampled = the situation became unsafe for continuing sampling. 
   
 
    Table A4.- Total Suspended Solids raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 16 119 22 7
2 19 Not sampled 29 17
3 14 18 23 5
4 174 94 44 11
5 16 13 18 5
6 17 13 17 6
7 11 15 14 7
8 15 11 16 7
9 18 16 24 5
10 19 15 15 4
11 46 16 19 5
12 20 12 13 4
13 19 16 22 51
14 17 17 41 21
15 22 Not sampled 64 23
16 24 15 16 8
TSS (mg/l)
 
                Not sampled = the situation became unsafe for continuing sampling. 
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Table A5.-  Salinity raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 2.9 3.0 3.9 3.5
2 3.0 Not sampled 3.9 3.4
3 3.0 3.1 3.9 3.4
4 3.0 3.1 3.8 3.4
5 3.0 3.1 3.9 3.3
5 duplicate 3.0 3.1 3.9 3.3
6 3.0 3.1 3.9 3.2
7 3.0 3 3.9 3.3
8 3.0 3 3.9 3.3
9 3.0 3.1 3.9 3.4
10 2.8 3.0 3.9 3.3
11 2.9 2.9 3.9 3.3
12 2.9 2.9 3.7 3.4
13 3.0 2.9 3.8 3.3
13 duplicate Not sampled Not sampled 3.8 3.3
14 3.0 2.9 3.9 3.3
15 3.0 Not sampled 3.9 3
16 2.8 2.9 3.7 3.4
16 duplicate 2.8 2.9 3.7 3.4
Salinity (ppt)
 
                    Not sampled = the situation became unsafe for continuing sampling. 
 
Table A6.- Temperature raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 26.9 30.8 30.5 32.3
2 27.5 Not sampled 30.0 32.2
3 26.5 30.8 30.3 32.1
4 26.1 30.9 30.1 32.4
5 26.1 30.0 29.6 30.9
5 duplicate 26.1 30.0 29.6 30.9
6 26.4 30.3 29.8 31.2
7 26.9 30.4 30.1 31.4
8 27.1 30.3 30.1 31.4
9 27.7 30.4 30.0 31.5
10 27.6 30.1 30.0 31.3
11 28.3 30.5 30.0 31.1
12 28.9 30.7 30.2 31.4
13 29.7 30.5 29.6 31.4
13 duplicate Not sampled Not sampled 29.6 31.4
14 31.0 30.5 30.0 32.0
15 29.4 Not sampled 30.8 33.0
16 28.2 31.0 30.3 31.7
16 duplicate 28.2 31.0 30.3 31.7
Temperature (°C)
 
                        Not sampled = the situation became unsafe for continuing sampling. 
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Table A7.- Dissolved Oxygen raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 4.80 3.64 6.56 6.20
2 6.23 Not sampled 5.99 6.20
3 5.30 5.61 5.17 5.39
4 5.06 4.95 5.62 4.71
5 4.59 5.04 5.03 4.65
5 duplicate 4.59 5.04 5.03 4.65
6 5.25 6.09 5.02 4.87
7 5.41 6.17 5.12 5.50
8 5.66 5.73 5.14 5.35
9 5.77 3.27 4.70 2.75
10 5.68 4.07 4.69 4.79
11 6.28 4.02 5.90 5.34
12 5.20 3.95 3.81 3.70
13 5.85 4.97 4.62 5.31
13 duplicate Not sampled Not sampled 4.62 5.31
14 6.30 5.49 5.63 3.55
15 6.41 NS 5.90 6.33
16 5.35 4.0 3.90 3.51
16 duplicate 5.35 4.0 3.90 3.51
Dissolved Oxygen (mg/L)
 
             Not sampled = the situation became unsafe for continuing sampling. 
Table A8.-  Conductivity raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 5.62 6.14 7.89 7.34
2 5.81 Not sampled 7.81 7.20
3 5.67 6.35 7.79 7.09
4 5.62 6.38 7.60 7.07
5 5.65 6.3 7.73 6.89
5 duplicate 5.65 6.3 7.73 6.89
6 5.67 6.29 7.77 6.93
7 5.72 6.2 7.85 6.94
8 5.74 6.08 7.89 6.92
9 5.81 6.34 7.83 6.97
10 5.50 6.04 7.78 6.90
11 5.67 5.98 7.78 6.90
12 5.82 6.07 7.39 7.07
13 6.11 6.06 7.56 6.94
13 duplicate Not sampled Not sampled 7.56 6.94
14 6.26 6.07 7.82 7.05
15 6.09 NS 7.97 6.55
16 5.57 6.1 7.56 7.15
16 duplicate 5.57 6.1 7.56 7.15
Conductivity (mS/cm)
 
                    Not sampled = the situation became unsafe for continuing sampling. 
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Table A9.-  Specific Conductivity raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 5.43 5.53 7.15 6.45
2 5.53 Not sampled 7.12 6.33
3 5.51 5.72 7.08 6.25
4 5.52 5.75 6.92 6.25
5 5.53 5.73 7.12 6.21
5 duplicate 5.53 5.73 7.12 6.21
6 5.52 5.71 7.12 6.19
7 5.52 5.61 7.16 6.18
8 5.52 5.54 7.19 6.19
9 5.53 5.75 7.16 6.20
10 5.24 5.51 7.10 6.16
11 5.34 5.42 7.11 6.18
12 5.41 5.47 6.73 6.29
13 5.59 5.49 6.95 6.21
13 duplicate Not sampled Not sampled 6.95 6.21
14 5.61 5.49 7.15 6.21
15 5.62 Not sampled 7.19 5.71
16 5.24 5.43 6.87 6.33
16 duplicate 5.24 5.43 6.87 6.33
Specific Conductivity (mS/cm)
 
             Not sampled = the situation became unsafe for continuing sampling. 
Table A.10.- Turbidity raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 22.10 * 40.1 41.00
2 30.30 * 49.0 19.90
3 22.20 * 24.4 20.00
4 91.90 * 87.2 59.60
5 19.90 * 23.4 25.90
5 duplicate 19.60 * 21.1 26.80
6 26.20 * 24.8 15.40
7 29.90 * 19.5 21.40
8 22.10 * 13.0 14.90
9 46.80 * 134.5 21.40
10 66.80 * 12.6 12.80
11 13.85 * 15.6 15.20
12 99.20 * 24.6 22.70
13 95.60 * 33.8 39.50
13 duplicate Not sampled * 35.1 35.60
14 61.50 * 77.7 75.30
15 80.30 * 40.9 40.50
16 51.40 * 49.7 37.00
16 duplicate 51.20 * 43.1 37.20
Turbidity (NTU)
 
                  *The  turbidity meter was malfunctioning. 
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Table A.11.-  pH raw data 
 
Site
Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
1 6.96 7.55 7.99 *
2 6.97 Not sampled 7.92 *
3 7.18 7.28 7.69 *
4 6.98 7.58 7.40 *
5 6.93 7.13 7.32 *
5 duplicate 6.88 7.13 7.30 *
6 7.07 7.18 7.48 *
7 7.23 7.16 7.26 *
8 7.07 7.50 7.20 *
9 7.06 7.22 7.60 *
10 7.26 7.15 7.11 *
11 7.28 7.38 7.72 *
12 7.11 7.15 7.37 *
13 6.84 7.40 7.26 *
13 duplicate Not sampled Not sampled 7.27 *
14 7.38 7.85 7.62 *
15 7.38 NS 7.93 *
16 7.14 7.32 7.26 *
16 duplicate 7.13 7.32 7.20 *
pH
             Not sampled = the situation became unsafe for continuing sampling 
                  * The ph meter was malfunctioning. 
 
 
 
Table A.12.-  Sediments (FC) raw data 
 
site Background #1 
May 28, 2004
Background #2 
July 6, 2004
Background #3 
July 21, 2004
Background #4 
July 30, 2004
5 90.4 < 2.00 0.00 7.74
13 No sampled 12.9 0.00 2.30
16 > 211.40 44.00 0.00 0.00
Sediments, Fecal Coliform (MPN/gr)
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APPENDIX B 
 
Summary of Rainfall and Pumping Events 
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Table B.1.-  Rainfall & Pumping Event (Bonnabel Canal) 
 
Date Rainfall   (inches)
Pumps     
(on/off) Event
          Volume 
(gallons)
19-Aug-04 0 off --- 0
20-Aug-04 0.38 off --- 0
21-Aug-04 0.02 off --- 0
22-Aug-04 1 on ** 46,857,852
23-Aug-04 0 off Rain event No. 1 Day 1 0
24-Aug-04 0 off Rain event No. 1 Day 2 0
25-Aug-04 0.9* off Rain event No. 1 Day 3 0
31-Aug-04 0 off --- 0
1-Sep-04 0 off --- 0
2-Sep-04 0 off --- 0
3-Sep-04 0.58 on Pumping event No. 1 39,586,806
4-Sep-04 0 off *** 0
5-Sep-04 0 off *** 0
6-Sep-04 0 off *** 0
1-Oct-04 0 off --- 0
2-Oct-04 0 off --- 0
3-Oct-04 0 off --- 0
4-Oct-04 0 off --- 0
5-Oct-04 0 off --- 0
6-Oct-04 0 off --- 0
7-Oct-04 0 off --- 0
8-Oct-04 0.83 on Pumping event No. 2 27,468,396
9-Oct-04 2.53 on **** 140,102,285
10-Oct-04 5.4 on **** 206,214,944
11-Oct-04 0 on Rain event No. 2 Day 1 7,271,046
12-Oct-04 0 on Rain event No. 2 Day 2 12,118,410
13-Oct-04 0 on Rain event No. 2 Day 3 16,965,774
14-Oct-04 0 off Rain event No. 2 Day 4 0
3-Apr-05 0 off --- 0
4-Apr-05 0 off --- 0
5-Apr-05 0 off --- 0
6-Apr-05 2.51 on Pumping event No. 3 65,304,765
7-Apr-05 0 off Rain event No. 3 Day 1 0
8-Apr-05 0 off Rain event No. 3 Day 2 0
9-Apr-05 0 off Rain event No. 3 Day 3 0  
                   * It rained in the afternoon (the samples were taken in the morning) 
  ** Samples were not collected during the pumping event due to unsafe conditions 
  *** Samples could not be taken 
  **** The situation became unsafe for sampling 
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Table B.2.-  Rainfall & Pumping Event (17th Street Canal) 
 
Date Rainfall   (inches)
Pumps     
(on/off) Event
          Volume 
(gallons)
19-Aug-04 0 off --- 0
20-Aug-04 0.6 on --- 29,622,780
21-Aug-04 0 off --- 0
22-Aug-04 3.85 on --- 88,868,340
23-Aug-04 0.01 off Rain event No. 1 Day 1 0
24-Aug-04 0 off Rain event No. 1 Day 2 0
25-Aug-04 0.26 off Rain event No. 1 Day 3 0
31-Aug-04 0 on --- 14,811,390
1-Sep-04 0 off --- 0
2-Sep-04 0 off --- 0
3-Sep-04 0.67 on Pumping event No. 1 29,622,780
4-Sep-04 0 off --- 0
5-Sep-04 0 off --- 0
6-Sep-04 0 off --- 0
1-Oct-04 0 off --- 0
2-Oct-04 0 off --- 0
3-Oct-04 0 off --- 0
4-Oct-04 0.24 on --- 14,811,390
5-Oct-04 0.02 on --- 44,434,170
6-Oct-04 0.17 on --- 29,622,780
7-Oct-04 0.1 on --- 14,811,390
8-Oct-04 0.7 on Pumping event No. 2 118,491,120
9-Oct-04 1.93 on --- 548,021,430
10-Oct-04 2.95 on --- 626,521,797
11-Oct-04 0 on Rain event No. 2 Day 1 29,622,780
12-Oct-04 0 off Rain event No. 2 Day 2 ---
13-Oct-04 0 off Rain event No. 2 Day 3 ---
14-Oct-04 0 on Rain event No. 2 Day 4 14,811,390
3-Apr-05 0 on --- 29,622,780
4-Apr-05 0 off --- 0
5-Apr-05 0 off --- 0
6-Apr-05 2.58 on Pumping event No. 3 266,605,020
7-Apr-05 0 off Rain event No. 3 Day 1 0
8-Apr-05 0 off Rain event No. 3 Day 2 0
9-Apr-05 0 off Rain event No. 3 Day 3 0  
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Table B.3.-  Rainfall & Pumping Event (Suburban Canal)  
 
Date Rainfall   (inches)
Pumps     
(on/off) Event
          Volume 
(gallons)
19-Aug-04 0 off --- 0
20-Aug-04 0 off --- 0
21-Aug-04 0 off --- 0
22-Aug-04 0.72 on --- 70,459,129
23-Aug-04 0.2 off Rain event No. 1 Day 1 0
24-Aug-04 --- off Rain event No. 1 Day 2 0
25-Aug-04 0.64 on Rain event No. 1 Day 3 12,926,304
31-Aug-04 0 off --- 0
1-Sep-04 0 off --- 0
2-Sep-04 0 off --- 0
3-Sep-04 0 off Pumping event No. 1 0
4-Sep-04 0 off --- 0
5-Sep-04 0 off --- 0
6-Sep-04 0 off --- 0
1-Oct-04 0 off --- 0
2-Oct-04 0 off --- 0
3-Oct-04 0 off --- 0
4-Oct-04 0.13 off --- 0
5-Oct-04 0.25 off --- 0
6-Oct-04 -- off --- 0
7-Oct-04 0.32 on --- 75,101,826
8-Oct-04 0.92 on Pumping event No. 2 87,220,236
9-Oct-04 1.96 on --- 112,835,862
10-Oct-04 2.1 on --- 258,299,870
11-Oct-04 -- off Rain event No. 2 Day 1 0
12-Oct-04 -- off Rain event No. 2 Day 2 0
13-Oct-04 -- off Rain event No. 2 Day 3 0
14-Oct-04 0.8 off Rain event No. 2 Day 4 0
3-Apr-05 0 off --- 0
4-Apr-05 0 off --- 0
5-Apr-05 0 off --- 0
6-Apr-05 1.37 on Pumping event No. 3 4,017,029
7-Apr-05 0 off Rain event No. 3 Day 1 0
8-Apr-05 0 off Rain event No. 3 Day 2 0
9-Apr-05 0 off Rain event No. 3 Day 3 0  
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APPENDIX C 
 
Water Quality Study Field Data (Rain & Pumping Events). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table C.1.- Raw data: Rain Event No.1. Day 1 (August 23, 2004 ).  
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 32.50 3.60 6.20 7.64 6.68 7.41 14.80 1600 0.02 0.06 24
2 31.00 3.50 5.82 7.16 6.47 7.57 10.20 540 0.03 0.06 20
3 30.90 3.80 5.72 7.87 7.08 7.64 2.70 240 0.04 0.02 9
4 33.00 3.90 3.57 8.21 7.12 7.52 21.10 1600 0.01 0.04 28
5 29.30 3.90 6.19 7.69 7.10 7.62 2.50 49 0.02 0.01 9
5 duplicate 29.30 3.90 6.19 7.69 7.10 7.73 2.40 11 Not sampled Not sampled Not sampled
6 29.60 3.90 5.69 7.82 7.19 7.70 2.60 110 0.03 0.06 8
7 29.40 3.60 4.43 7.14 6.60 7.62 2.50 920 0.06 0.06 5
8 29.70 3.50 6.60 7.04 6.46 7.69 6.10 > 1600 0.05 0.11 7
9 29.80 3.90 4.74 7.77 7.13 7.71 9.00 1600 0.03 0.03 13
10 29.70 3.40 4.71 6.84 6.28 7.70 3.30 > 1600 0.04 0.06 7
11 30.10 3.40 5.04 6.84 6.25 7.77 4.20 > 1600 0.06 0.05 16
12 30.00 2.90 3.72 6.64 6.09 7.66 5.60 > 1600 0.06 0.10 13
13 30.30 3.50 5.51 7.16 6.50 7.80 5.90 920 0.02 0.02 20
13 duplicate 30.30 3.50 5.51 7.16 6.50 7.76 7.00 920 Not sampled Not sampled Not sampled
14 31.50 3.50 3.98 7.26 6.46 7.63 18.00 > 1600 0.01 0.02 29
15 31.90 3.50 5.99 7.28 6.44 7.77 5.80 540 0.08 0.15 10
16 29.30 2.90 3.66 5.78 5.35 7.59 11.30 > 1600 0.06 0.02 18
16 duplicate 29.30 2.90 3.66 5.78 5.35 7.58 10.00 > 1600 Not sampled Not sampled Not sampled  
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Table C.2.- Raw data: Rain Event No.1. Day 2 (August 24, 2004) 
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 30.80 3.70 6.83 7.62 6.87 7.76 6.50 240 0.03 0.08 12
2 30.40 3.70 5.56 7.55 6.86 7.81 3.40 49 0.02 0.01 12
3 30.30 3.80 5.25 7.68 6.97 7.71 2.90 13 0.02 0.00 9
4 30.30 3.70 4.93 7.51 6.91 7.67 2.80 23 0.04 0.01 10
5 29.10 3.80 4.53 7.53 7.01 7.60 2.00 13 0.02 0.01 8
5 duplicate 29.10 3.80 4.53 7.53 7.01 7.52 2.00 23 Not sampled Not sampled Not sampled
6 29.40 3.80 4.25 7.62 7.04 7.45 1.70 350 0.02 0.03 9
7 29.70 3.90 4.96 7.73 7.10 7.44 2.70 64 0.03 0.00 9
8 29.50 3.90 4.20 7.74 7.12 7.35 2.80 33 0.01 0.00 6
9 29.80 3.90 4.28 7.81 7.16 7.34 2.70 49 0.01 0.02 7
10 29.20 3.90 4.16 7.69 7.12 7.28 1.20 49 0.04 0.03 8
11 28.90 3.40 3.46 6.70 6.25 7.32 3.80 1600 0.06 0.12 6
12 29.50 3.40 3.98 6.84 6.29 7.36 2.40 920 0.08 0.07 7
13 29.60 3.60 5.01 7.25 6.65 7.29 3.50 170 0.02 0.01 12
13 duplicate 29.60 3.60 5.01 7.25 6.65 7.30 3.70 540 Not sampled Not sampled Not sampled
14 29.60 3.60 4.57 7.19 6.61 7.30 3.00 170 0.02 0.00 11
15 30.50 3.80 5.34 7.66 6.93 7.30 3.40 110 0.03 0.03 9
16 29.40 3.40 2.48 6.88 6.34 7.26 5.60 > 1600 0.04 0.09 12
16 duplicate 29.40 3.40 2.48 6.88 6.34 7.25 5.50 > 1600 Not sampled Not sampled Not sampled  
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Table C.3.- Raw data: Rain Event No.1. Day 3 (August 25, 2004).  
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 28.10 3.90 3.27 7.50 7.07 * * > 1600 0.05 0.23 11
2 28.50 4.10 3.77 7.90 7.42 * * 23 0.02 0.01 17
3 28.90 4.20 4.48 8.19 7.62 * * 49 0.02 0.07 6
4 29.50 4.10 4.34 8.10 7.43 * * 49 0.00 0.08 19
5 29.30 4.20 3.88 8.23 7.59 * * 33 0.02 0.00 8
5 duplicate 29.30 4.20 3.88 8.23 7.59 * * 13 Not sampled Not sampled Not sampled
6 29.60 4.20 4.72 8.29 7.61 * * 70 0.03 0.03 5
7 29.40 4.10 5.09 8.12 7.49 * * 350 0.02 0.02 9
8 29.50 4.10 5.45 8.19 7.55 * * 540 0.02 0.03 5
9 29.80 4.10 3.19 8.10 7.41 * * 350 0.03 0.05 5
10 29.40 3.80 4.37 7.47 6.89 * * 540 0.02 0.07 12
11 29.80 3.70 4.53 7.41 6.78 * * 79 0.02 0.04 6
12 29.90 3.70 4.56 7.45 6.80 * * 79 0.04 0.02 9
13 30.00 3.80 5.48 7.63 6.96 * * 920 0.03 0.00 9
13 duplicate 30.00 3.80 5.48 7.63 6.96 * * 540 Not sampled Not sampled Not sampled
14 30.10 3.90 5.03 7.79 7.11 * * 110 0.01 0.00 22
15 29.50 3.90 5.42 7.68 7.08 * * 79 0.03 0.02 20
16 29.90 3.70 3.46 7.37 6.73 * * 350 0.03 0.11 23
16 duplicate 29.90 3.70 3.46 7.37 6.73 * * 130 Not sampled Not sampled Not sampled  
* The turbidity and pH  meter were malfunctioning. 
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Table C.4.- Raw data:  Pumping Event No.1. (September 3,  2004)
 
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
1:01 PM * 0.4 * 0.74 0.84 7.13 * >1600 0.13 0.82 362
1:09 PM * 0.4 * 0.66 0.74 7.20 * >1600 0.15 >0.55 280
1:20 PM * 0.4 * 0.68 0.76 7.18 * >1600 0.16 0.72 173
1:30 PM * 0.3 * 0.49 0.55 7.14 * >1600 0.16 >0.55 247
1:40 PM * 0.2 * 0.41 0.46 7.20 * >1600 0.18 0.53 131
1:50 PM * 0.2 * 0.35 0.39 7.17 * >1600 0.20 0.51 81
2:00 PM * 0.2 * 0.32 0.35 7.20 * >1600 0.22 0.51 108   
        * Not measured 
 
 
 
 
Table C.5.- Raw data:  Pumping Event No.2 (October 8, 2004) 
 
Time Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
10:35 AM 25.60 2.20 3.75 3.83 3.72 7.63 39.20 14000 0.08 0.52 73
10:45 AM 25.80 2.10 3.34 3.92 3.82 7.77 45.20 7900 0.09 0.85 96
10:55 AM 25.60 1.80 3.13 3.13 3.04 7.86 40.10 13000 0.16 >0.55 91
11:05 AM 25.50 1.30 2.85 2.57 3.54 7.85 57.00 54000 0.11 >0.55 76
11:15 AM 25.40 1.10 2.64 3.14 2.11 7.78 32.00 160000 0.16 0.73 72
11:25 AM 25.40 0.90 2.56 1.81 1.80 7.71 37.00 92000 0.15 >0.55 79
11:35 AM 25.40 0.70 2.44 1.44 1.43 7.72 35.10 54000 0.22 >0.55 68
11:45 AM 25.30 0.70 2.55 1.33 1.33 7.69 34.50 >160,000 0.21 1.28 68
11:55 AM 25.50 0.60 2.61 1.16 1.15 7.66 33.30 54000 0.19 >0.55 55   
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Table C.6.- Raw data : Rain Event No.2. Day 1 (October 11, 2004).  
 
Site Temperature (°C)
Salinity 
(ppt) DO  (mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity pH
Turbidity 
(NTU)
Fecal 
Coliform 
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 24.00 2.60 5.93 4.80 4.89 7.6 38.9 1600 0.04 0.08 64
2 24.10 2.80 6.68 5.20 5.28 7.9 27.6 > 1600 0.04 0.08 43
3 23.90 2.70 6.87 5.02 5.13 8.14 54.4 > 1600 0.1 0.09 64
4 23.80 2.70 6.51 4.97 5.08 7.96 28.5 > 1600 0.01 0.09 34
5 24.20 3.00 5.49 5.48 5.52 7.82 21.2 > 1600 0.03 0.07 34
5 duplicate 24.20 3.00 5.49 5.48 5.52 7.82 21.2 > 1600 * * *
6 24.10 2.90 5.85 5.38 5.44 7.93 22.9 > 1600 0.05 0.09 34
7 24.10 2.80 6.39 5.12 5.22 7.9 24.6 > 1600 0.07 0.1 34
8 24.10 2.80 6.38 5.19 5.28 7.9 23.8 > 1600 0.07 0.09 35
9 24.50 2.80 4.73 5.09 5.15 7.86 18.8 > 1600 0.06 0.09 29
10 23.80 2.60 6.61 4.69 4.79 7.78 31.2 > 1600 0.02 0.11 42
11 24.00 2.60 6.60 4.50 4.64 7.61 27.2 1600 0.02 0.11 34
12 24.50 2.20 3.14 4.05 4.09 7.65 31.8 > 1600 0.34 0.16 52
13 24.60 3.00 6.50 5.59 5.63 7.8 42.2 1600 0.01 0.12 69
13 duplicate 24.60 3.00 6.50 5.59 5.63 7.8 42.2 920 * * *
14 24.60 2.90 6.64 5.38 5.43 7.83 53.4 350 0.02 0.11 92
15 24.90 3.20 6.72 5.98 5.99 7.9 47.1 540 0.03 0.1 71
16 24.20 2.70 7.22 4.17 4.28 7.74 26.6 > 1600 0.02 0.09 32
16 duplicate 24.20 2.70 7.22 4.17 4.28 7.74 26.6 > 1600 * * *  
* Not measured.  
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Table C.7.- Raw data:  Rain Event No.2. Day 2 (October 12,  2004).  
 
Site Temperature (°C)
Salinity 
(ppt) DO  (mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 23.40 2.90 7.00 5.33 5.39 * * > 1600 0.01 0.16 111
2 23.60 2.90 7.14 5.23 5.37 * * > 1600 0.06 0.07 80
3 23.60 2.90 7.30 5.24 5.38 * * > 1600 0.05 0.05 74
4 23.80 3.00 6.71 5.38 5.50 * * > 1600 0.04 0.04 59
5 24.20 3.10 6.10 5.67 5.75 * * > 1600 0.04 0.06 65
5 duplicate 24.20 3.10 6.10 5.67 5.75 * * 1600 ** ** **
6 24.30 3.20 7.61 5.88 5.96 * * 540 0.07 0.05 39
7 24.30 3.40 6.70 6.23 6.30 * * 1600 0.03 0.09 62
8 24.20 3.30 6.74 6.01 6.10 * * > 1600 0.02 0.13 85
9 24.10 3.10 5.30 5.69 5.78 * * > 1600 0.07 0.07 34
10 23.70 3.00 6.86 5.38 5.52 * * > 1600 0.02 0.1 97
11 23.80 3.00 6.60 5.35 5.47 * * > 1600 0.03 0.09 85
12 24.40 1.50 4.36 2.75 2.83 * * > 1600 >0.44 0.36 51
13 23.70 3.00 7.00 5.42 5.56 * * > 1600 0.04 0.08 90
13 duplicate 23.70 3.00 7.00 5.42 5.56 * * > 1600 ** ** **
14 23.90 3.00 6.84 5.48 5.60 * * 1600 0.07 0.11 108
15 23.90 2.10 6.95 5.51 5.63 * * > 1600 0.08 0.06 79
16 24.00 2.80 5.09 5.18 5.28 * * > 1600 0.07 0.08 135
16 duplicate 24.00 2.80 5.09 5.18 5.28 * * > 1600 ** ** **  
* The turbidity and pH meter was malfunctioning. 
** Not measured. 
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Table C.8.- Raw data:  Rain Event No.2. Day 3 (October 13,  2004).  
 
Site Temperature (°C) Salinity (ppt) DO  (mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 21.50 3.30 6.15 5.61 6.00 7.65 60.60 1600 0.11 0.12 102.00
2 22.50 3.30 7.04 5.81 6.08 7.79 74.80 920 0.03 0.13 97.00
3 22.90 3.30 6.80 5.81 6.04 8.27 58.40 350 0.05 0.08 82.00
4 22.60 3.30 6.93 5.76 6.05 7.99 69.50 540 0.04 0.10 85.00
5 23.30 3.30 6.61 5.84 6.04 7.82 53.10 > 1600 0.02 0.10 76.00
5 duplicate 23.30 3.30 6.61 5.84 6.04 7.82 53.10 > 1600 Not sampled Not sampled Not sampled
6 23.30 3.30 6.52 5.85 6.03 7.60 50.80 1600 0.02 0.10 75.00
7 23.30 3.30 6.65 5.86 6.05 7.57 52.10 > 1600 0.05 0.09 73.00
8 22.90 3.20 7.03 5.71 5.95 7.59 72.00 > 1600 0.04 0.13 71.00
9 23.30 3.30 6.02 5.91 6.11 7.70 29.20 540 0.06 0.23 49.00
10 22.40 2.90 6.64 5.09 5.35 7.68 66.70 > 1600 0.15 0.20 98.00
11 22.80 2.30 6.00 4.00 4.20 7.68 77.60 > 1600 0.35 0.40 108.00
12 24.20 0.70 4.18 1.45 1.47 7.72 35.10 > 1600 >0.44 1.24 41.00
13 22.10 3.30 7.35 5.71 6.03 7.65 61.30 > 1600 0.02 0.08 84.00
13 duplicate Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled
14 22.20 3.30 6.69 5.72 6.04 7.66 100.20 1600 0.01 0.12 118.00
15 22.60 3.30 7.20 5.82 6.10 7.72 63.40 920 0.02 0.06 108.00
16 24.00 1.50 4.12 2.68 2.70 7.65 79.80 > 1600 >0.44 0.88 114.00
16 duplicate 24.00 1.50 4.12 2.68 2.70 7.65 79.80 > 1600 Not sampled Not sampled Not sampled  
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Table C.9.- Raw data:  Rain Event No.2. Day 4 (October 14, 2004).  
 
Site Temperature (°C) Salinity (ppt) DO  (mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
Fecal 
Coliform 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L) TSS (mg/L)
1 22.30 3.40 6.69 5.91 6.23 8.03 46.60 > 1600 0.02 0.13 105.60
2 Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled
3 22.70 3.50 6.87 6.06 6.33 8.16 20.50 > 1600 0.06 0.06 81.00
4 23.00 3.70 6.73 6.48 6.67 8.22 15.20 920 0.04 0.09 39.00
5 24.20 4.20 5.54 7.58 7.63 7.85 17.50 920 0.09 0.06 39.00
5 duplicate 24.20 4.20 5.54 7.58 7.63 7.88 16.10 1600 Not sampled Not sampled Not sampled
6 24.20 4.30 5.70 7.60 7.70 7.71 10.20 210 0.05 0.07 35.00
7 Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled
8 23.00 3.50 6.98 6.22 6.46 8.00 25.70 920 0.03 0.14 85.00
9 23.40 3.80 5.48 7.12 7.45 7.88 7.80 110 0.08 0.10 31.00
10 22.80 3.50 6.90 6.15 6.41 7.93 39.10 1600 0.02 0.11 115.00
11 22.70 3.40 6.83 5.86 6.13 7.94 27.70 > 1600 0.06 0.13 113.00
12 22.90 3.40 6.20 5.91 6.15 7.78 23.30 920 0.04 0.14 59.00
13 21.90 3.50 7.17 6.02 6.39 8.04 30.50 1600 0.09 0.12 42.00
13 duplicate Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled Not sampled
14 22.10 3.60 6.85 6.21 6.57 7.91 37.30 920 0.04 0.10 110.00
15 22.60 3.60 6.77 6.25 6.54 7.84 33.10 350 0.02 0.06 94.00
16 23.40 3.30 5.83 5.96 6.14 7.98 17.90 1600 0.06 0.12 40.00
16 duplicate 23.40 3.30 5.83 5.96 6.14 7.81 19.10 1600 Not sampled Not sampled Not sampled  
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Table C.10.- Raw data:  Pumping Event No.3 (April 6  ,   2005).         
 
Time Temperature (°C) Salinity (ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
pH Turbidity (NTU)
E. Coli 
(MPN/100mL)
Total 
Coliforms 
(MPN/100mL)
N-NO3  
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
10:10am 20.8 0.7 6.85 * * * * 1417 3667 0.17 0.39 135
10:40am 21.1 0.3 6.22 * * * * 6750 22313 0.1 1.1 287
11:10am 21.1 0.1 6.93 * * * * 33750 75000 0.1 0.66 219
11:40am 21.1 0.1 5.75 * * * * 27500 67500 0.09 0.58 195
12:10am 21.1 0.1 7.3 * * * * 28750 101250 0.14 0.68 90
12:40am 21.3 0.1 6.64 * * * * 71250 161250 0.1 0.6 71
1:20 PM 21.2 0.1 6.3 * * * * 7625 11125 0.2 0.62 37  
* Not measured. 
 
 
 
Table C.11.- Raw data:  Rain Event No. 3. Day 1 (April 7 ,   2005).  
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
E. Coli 
(MPN/100mL)
Total Coliform 
(MPN/100mL)
N-NO3 
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
1 18.50 3.00 8.67 4.89 5.51 2138 4325 0.01 0.12 113
3 19.10 3.20 7.48 5.19 5.85 925 3363 0.03 0.06 170
5 19.90 3.20 7.55 5.32 5.90 275 1300 0.03 0.07 17
8 19.70 3.20 6.25 5.24 5.82 1925 8400 0.02 0.10 189
11 20.20 3.10 6.30 5.17 5.62 2375 10625 0.03 0.10 130
16 20.20 2.90 7.17 4.92 5.41 4375 18250 0.07 0.13 39
13 20.30 3.20 7.25 4.50 5.93 1013 2750 0.02 0.06 234
14 20.60 3.20 8.27 5.46 5.93 1300 2750 0.01 0.08 303  
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Table C.12.- Raw data: Rain Event No. 3. Day 2 (April 8, 2004).  
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
E. Coli 
(MPN/100mL)
Total Coliform 
(MPN/100mL)
N-NO3 
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
1 20.50 3.10 8.85 5.19 5.69 818 3746 0.02 0.13 47
3 20.00 3.10 7.50 5.12 5.62 379 2050 0.02 0.11 176
5 20.50 3.10 8.30 5.15 5.69 182 2929 0.10 0.12 56
8 19.80 3.00 6.12 5.00 5.52 775 3454 0.02 0.09 117
11 20.80 3.00 6.53 5.08 5.50 793 3889 0.03 0.09 103
16 20.30 3.00 6.44 5.06 5.56 1175 5579 0.07 0.14 23
13 21.30 3.00 8.25 5.16 5.53 596 2668 0.01 0.06 112
14 22.10 3.00 8.15 5.21 5.52 564 2336 0.03 0.08 102  
 
 
 
 
 
Table C.13.- Raw data: Rain Event No. 3. Day 3 (April 9, 2004).  
 
Site Temperature (°C)
Salinity 
(ppt)
DO  
(mg/L)
Conductivity 
(mS/cm)
Spec. 
Conductivity 
(mS/cm)
E. Coli 
(MPN/100mL)
Total Coliform 
(MPN/100mL)
N-NO3 
(mg/L)
N-NH3  
(mg/L)
TSS 
(mg/L)
1 21.00 3.10 8.22 5.27 5.72 214.29 985.71 0.02 0.04 12.00
3 20.60 3.10 8.35 5.19 5.66 142.86 964.29 0.02 0.07 34.00
5 21.10 3.00 7.76 5.20 5.61 114.29 657.14 0.01 0.06 17.00
8 21.30 3.00 8.45 5.09 5.49 147.62 682.14 0.03 0.06 38.00
11 21.30 3.00 8.09 5.17 5.53 176.19 789.29 0.01 0.08 15.00
16 21.60 3.00 5.80 5.20 5.56 309.52 1425.00 0.06 0.12 13.00
13 22.50 3.00 7.57 5.26 5.50 171.43 1078.57 0.02 0.10 107.00
14 22.80 2.90 7.94 5.25 5.45 195.24 910.71 0.01 0.06 152.00  
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APPENDIX D 
 
Flow Rates used in the Simulation 
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Table D.1.-  Flow Rates (Rain Event No.1) 
 
Date Time Suburban Canal   flow (m^3/s)
Bonnabel Canal 
flow (m^3/s)
17th Street Canal    
flow (m^3/s)
8/22/2004 9:00pm 29.8848 38.205 56.6
8/22/2004 9:30pm 38.3748 38.205 56.6
8/22/2004 10:00pm 38.3748 38.205 56.6
8/22/2004 10:30pm 29.8848 8.49 56.6
8/22/2004 11:00pm 38.3748 8.49 0
8/22/2004 11:30pm 8.49 0 0
8/22/2004 12:00am 8.49 0 0
8/22/2004 12:30am 8.49 0 0  
 
 
 
Table D.2.-  Flow Rates (Rain Event No. 3) 
 
Date Time Suburban Canal   flow (m^3/s)
Bonnabel Canal 
flow (m^3/s)
17th Street Canal    
flow (m^3/s)
4/6/2005 9:00am 0.00 0.00 31.13
4/6/2005 9:30am 8.49 8.49 31.13
4/6/2005 10:00am 55.19 8.49 31.13
4/6/2005 10:30am 55.19 8.49 31.13
4/6/2005 11:00am 55.19 38.21 31.13
4/6/2005 11:30am 55.19 29.72 31.13
4/6/2005 12:00pm 55.19 29.72 31.13
4/6/2005 12:30pm 55.19 29.72 31.13
4/6/2005 1:00pm 55.19 0.00 31.13
4/6/2005 1:30pm 25.47 8.49 31.13
4/6/2005 2:00pm 25.47 8.49 31.13
4/6/2005 2:30pm 25.47 8.49 31.13
4/6/2005 3:00pm 25.47 8.49 31.13
4/6/2005 3:30pm 16.98 0.00 31.13
4/6/2005 4:00pm 8.49 0.00 31.13
4/6/2005 4:30pm 0.00 0.00 31.13
4/6/2005 5:00pm 0.00 0.00 31.13
4/6/2005 5:30pm 0.00 0.00 31.13  
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